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Foreword 


THE  rapid  advances  made  in  recent  years  in  the  field  of 
Mechanical  Engineering,  as  seen  in  the  evolution  of 
improved  types  of  machinery,  new  mechanical  processes 
and  methods,  and  even  new  materials  of  workmanship,  have 
created  a  distinct  necessity  for  an  authoritative  work  of  general 
reference  embodying  the  accumulated  results  of  modern  ex- 
perience and  the  latest  approved  practice.  The  Cyclopedia  of 
Mechanical  Engineering  is  designed  to  fill  this  acknowledged 
need. 

C  The  aim  of  the  publishers  has  been  to  create  a  work  which, 
while  adequate  to  meet  all  demands  of  the  technically  trained 
expert,  will  appeal  equally  to  the  self-taught  practical  man, 
who,  as  a  result  of  the  unavoidable  conditions  of  his  environ- 
ment, may  be  denied  the  advantages  of  training  at  a  resident 
technical  school.  The  Cyclopedia  not  only  covers  the  funda- 
mentals that  underlie  all  mechanical  engineering,  but  places  the 
reader  in  direct  contact  with  the  experience  of  teachers  fresh 
from  practical  work,  thus  putting  him  abreast  of  the  latest 
progress  and  furnishing  him  that  adjustment  to  advanced  modern 
needs  and  conditions  which  is  a  necessity  even  to  the  technical 
graduate. 

C,  The  Cyclopedia  of  Mechanical  Engineering  is  based  upon  the 
method  which  the  American  School  of  Correspondence  has  de- 
veloped and  successfully  used  for  many  years  in  teaching  the 
principles  and  practice  of  engineering  in  its  different  branches. 
It  is  a  compilation  of  representative  Instruction  Books  of  the 


School,  and  forms  a  simple,  practical,  concise,  and  convenient 
reference  work  for  the  shop,  the  library,  the  school,  and  the  home. 
€.  The  success  which  the  American  School  of  Correspondence 
has  attained  as  a  factor  in  the  machinery  of  modern  technical 
and  scientific  education,  is  in  itself  the  best  possible  guarantee 
for  the  present  work.     Therefore,  while  these  volumes  are  a 
marked  innovation  in  technical  literature -representing,  as  they 
do,  the  best  ideas  and  methods  of  a  large  number  of  different 
authors,  each  an  acknowledged  authority  in  his  work -they  are 
by  no  means  an  experiment,  but  are  in  fact  based  on  what  has 
proved  itself  to  be  the  most  successful  method  yet  devised  for 
the  education  of  the  busy  workingman.    They  have  been  pre- 
pared only  after  the  most  careful  study  of  modern  needs  as 
developed  under  the  conditions  of  actual  practice  in  the  Machine 
Shop,  the  Engine  Room,  the  Drafting  Room,  the  Factory,  etc. 
The  formula?  of  the  higher  mathematics  have  been  avoided  as 
far  as  possible,  and  every  care  exercised  to  elucidate  the  text 
by  abundant  and  appropriate  illustrations. 

<L  Numerous  examples  for  practice  are  inserted  at  intervals; 
these,  with  the  test  questions,  help  the  reader  to  fix  in  mind 
the  essential  points,  thus  combining  the  advantages  of  a  text- 
book with  those  of  a  reference  work. 

<L  Grateful  acknowledgment  is  due  the  corps  of  editors  and 
authors-engineers  and  designers  of  wide  practical  experience, 
and  teachers  of  well-recognized  ability -without  whose  co-oper- 
ation this  work  would  have  been  impossible. 
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MACHINE   SHOP   WORK. 


PART  I. 


Machine  shop  work  is  usually  understood  to  include  all 
cold  metal  work  in  wbit-li  a  portion  of  the  metal  is  removed  to 
make  the  piece  of  tlie  required  shape  and  size  either  hy  po^ter- 
driven  or  hand  tools.  However,  there  are  some  branches  of  cold 
nietiil  work,  such  as  sheet-iron  work  and  co[)persmithing,  that  are 
not  included  in  machine  shop  work. 

HAND-OPERATED   TOOLS. 

As  the  hand-operated  tools  are  much  simijler,  and  as  the  opera- 
tions performed  with  them  are  in  every  case  more  typical,  their 
description  and  use  should  precede  that  of  power-driven  tools.  It 
should  be  clearly  understood,  however,  that  machine  shop  practice 
involves  the  use  of  both  classes  at  the  same  time.  Even  hand 
tools  are  not  used  in  the  same  order  on  different  classes  of  work ; 
it  is,  therefore,  impossible  to  describe  them  in  the  order  of  use. 
Simplicit}'  of  construction  and  operation  will  be  the  guide  for 
treatment  in  the  following  pages. 


The  machinist  uses  hammers  of  three  shapes  :  ball  pene,  cross 
pene,  and  straight  pene.  See  Fig.  1.  The  first  named,  the  ball 
pene,  is  the  most  common ;  it  varies  in  weight  from  four  ounces 
to  three  pounds.  The  cross  and  straight  pene  hammers  vary 
from  four  ounces  to  two  pounds  and  are  used  principally  in  rivet- 
ing.     AH   hammers  are   made   from  a  good  grade    of   cast  steel. 
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hiinleiied,  and  drawii  to  a  blue  color  at  tlie  eje  and  a  divrk  straw 
on  the  face  and  pcne.  The  eye  is  elliptical  in  slnqje,  and  the 
handle  is  fastened  by  driving  wedges,  either  wood  or  iron,  into 
the  end  of  the  liandhs  thus  spreading  it  to  fill  the  ej-e.  The 
handle  is  of  hard  wnod,  preferably  hickory,  and  of  a  length  suited 


to  the  weight  of  the  hammerhead.  When  the  handle  is  properly 
inserted,  the  axis  of  the  head  stands  at  right  angles  t*)  the  axis  of 
the  handle. 

Soft  hammers  are  used  for  striking  heavy  blows  where  thv 
steel  hanmier  would  bruise  the  metal  or  mar  tlie  surface.  They  are 
made  of  rawhide,  copjxjr,  or  liabl)itt  metal,  and  vary  in  w'eight 
from  six  ounces  to  six  pounds.  They  are  subject  to  rapid  wear, 
but  are  indispensable  in  setting  up  and  taking  down  machinery. 
Those  of  metal  are  so  constructed  that  the  soft  metal  can  be  re- 
cast in  the  handle. 


Fig.  3. 

The  prick  punch,.  Fig.  2,  is  made  of  cast  steel  with  a  hardened 
conical  point  of  about  60  degrees.  It  is  about  3i  inches  long  and 
J  inch  in  diameter.  It  is  used  for  making  very  small  holes  at 
intervals  of  about  i  inch  on  a  line. 

The  center  punch,  also  shown  in  Fig.  2,  is  made  of  the  same 
general  api)earance  as  the  prick  punch,  but  is  about  5  inches  long, 
i  inch  in  diameter,  and  has  a  point  of  about  90  degrees.  The 
principal  use  is  to  make  center  holes  marking  the  centers  on  the 
ends  of  pieces  to  be  turned. 

Both  prick  j)nnclics  and  center  pniiches  are  usually  made  of 
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hexagonal  steel ;  but  if  RUiml  stuck  is  used,  tlio  grip  should  be 
fluted  or  kuurled  to  prevent  slipping-  in  tlie  lingere. 

The  scriber  or  scratch  awl,  Fig.  o,  is  made  in  many  forms, 
but  consists  essentially  of  a  east-steel  rod  about  8  inches  long  and 
j^g  inch  iu  diameter,  with  a  long,  slender,  hardened  point  at  each 
eud;  freiniently  one  point  is  bent  at  right  angles  to  the  shank. 
As  tlie  uame  indicates^  this  tool  is  used  for  marking  lines  on  the 
surface  of  metal. 

Tiie  surface  gauge  is  used  in 
laying  out  work  iov  the  bench, 
lathe,  or  planer.  Tlie  ordinary 
form  consists  of  a  heavy  base,  an 
upright,  and  a  scriber  or  scratch 
awl ;  the  upright  being  firmly 
fastened  to  the  base.  In  the  uni- 
versal gauge,  the  upriglit  is  piv- 
oted at  the  base  so  tliat  it  may  be 
used  at  any  angle.  In  some  forms 
the  base  is  grooved  iu  order  that 
the  gauge  may  be  used  on  cylin- 
drical work  as  well  as  on  flat  sur- 
faces.    See  Fig.  4. 

To  use  the  gauge,  the  part  of 
the  work  to  be  laid  out  must  be 
prepared  so  that  lines  drawn  on 
the  surface  will  show  distinctly. 
A  rough  or  unfinished  surface  is 
covered  with  chalk,  a  finished  or 
bright  surface  should  be  copper-  Fig.  4. 

plated  by  applying  a  thiu  coating 

of  copper  sulphate  solution  with  a  brush  or  a  i>iece  of  waste.  The 
work  and  gauge  are  then  placed  on  a  true  sui-face  and  the  scriber 
adjusted  to  the  desired  height.  The  line  is  drawn  by  moving  the 
siurface  gauge  along  on  the  true  surface,  keeping  the  point  in  con- 
tact with  the  work.  After  scribing  the  lines,  it  is  well  to  place 
light  prick  punch  marks  at  frequent  intervals  along  the  lines,  so 
that  the  position  may  be  found  if  the  chalk  or  copper  sulphatb 
becomes  effaced. 
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The  straight  edge  consists,  in  its  simplest  form,  of  a  thin 
flat  piece  of  sled,  yvucniUy  unliardenca,  with  accurately  finished 
straight  edges.     The  very  small  sizes  Used  in  line  work  are  some- 
times   made    witli    a    iinnleiied    knife    edge.      A    non-coiuhicting 

handle  is  so7netimes  iised  v;ith 
the  small  sizes  to  prevent  dis- 
tortion from   the   unequal  heat- 
ing due  to  handling.    The  short 
lengths  used  for  ordinary  shop 
puri)oses    have    one    edge    bev- 
eled, and   are   thick  enough  to 
avoid    hending.       See     Fig.    5. 
The  largei  sizes,  from  three  to 
ten  feet  or  more  in  length,  are 
usually  made  of  cast  iron  with 
one  finished  edge.     The  metal  is   so   distributed  as  to  combine 
lightness  with  great  rigidity,  the  tendency  of  the  ends  to  drop 
being  resisted  by  the  truss-like  form  of  the  casting  shown  in  Fig. 
6.     The   flat  form    is    used,    in   connection  with  the  scriber,  to 
draw  accurate   straight  lines  on  plane  sui-faces.     All  styles  are 
used  to  test  the  truth  of  plane  sufaces  by  placing  the  straight  od< 
on  tiie  surface  to  be  tested  in  not  less  than  the  six  positions  sl...... 

in  Fijr.  7. 


Yk.  0. 


For  drawing  lines  and  laying  off  distances  or  curved  sur- 
faces, such  as  shafts,  a  combination  of  two  straight  edges,  or  a 
straight  edge  and  a  rule,  is  iised.  This  is  often  caDed  a  key 
seat  rule  because  its  chief  nse  is  laying  out  keys  on  shafts. 
However,  many  machinists  call  it  a  "box-rule."  It  is  usually 
made  in  one  piece,  although  gome  manufacturers  provide  clamps 
by  which  the  two  separate  pieces  are  held  at  right  angles  to  one 
another.  A  more  simple  combination  is  shown  in  Fig.  8,  the 
second  scide  being  represented  by  two  sj^cial  clamps. 
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The  simplest  form  of  square,  called  ihojlat  square  (Fig.  9), 
is  a  combination  of  two  straight  edges  at  riglit  angles.  Tliis  is 
a  useful  form  wliei-e  tlio  sqnarr  is  laid   on  the  work.     One  blade 


is  usually  graduated  on  the  inner  edge,  and   the  other  on   the 
outer  edge.     The  flat  square  is  not  hardened. 

The  try  square,  shown  in  Fig.  10,  consists  of  a  beam  and 
a  blade  at   right   angles.     The  beani    is    much  thicker  than  the 


Fig.  8 


blade  and  somewliat  shorter.  Try  squares  aio  made  both  un- 
hardened  and  hardened.  The  unhardened  foi-m  has  graduations 
on  one  edge,  and  is  called  the  graduated  try  square.  Tiie  hard 
ened  type  always  has  a  hardened  blade,  sometimes  a  hardened 
beam  as  well,  and  is  not  graduated. 
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The  try  square  is  used  as  a  guide  to  draw  lines  at  right  angles 
to  each  other  and  to  given  surfaces ;  to  erect  and  test  j^rpendic- 
ulai-s  to  plane  surfaces;  to  test  the  trutli  of  a  given  surface  at 
right  angles  to  another  surface;  in  short,  it  is  used  wherever  an 
accurate  measurement  of  00°  is  required.  When  used  for  testing 
the  relation  of  two  surfaces,  the  beam  is  pressed  closely  against 
the  correct  sui-face,  and  the  blade  brought  carefully  down  to  thp 


.        1,  2,  3,  4, 
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Fig.  9. 


surface  under  corisideration.  This  does  not  prove  mr  re  than  that 
a  line  at  the  particular  ])()int  tested  is  or  is  not  at  light  angles  to 
the  true  surface.  By  using  the  blade  as  a  straight  edge  parallel 
to  the  true  surface,  errors  in  that  direction  may  be  coiTected  and 
the  surface  be  made  plane. 

In  many  cases  it  is  necessary  to  test  the  relation  of  lines  and 
surfaces  which  are  not  at  right  angles  to  each  other.  For  this 
purpose  a  bevel  is  used  in  which  what  corresponds  to  the  blade 
of  the  square  is  made  adjustable.  Its  constraction  is  seen  in 
Fig.  11,  and  its  use  is  similar  to  that  cf  the  square. 
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The  bevel  van  be  atljusted  only  by  direct  applieiition  to 
lines  or  surfaces  having  the  proper  angular  relation.  It  often 
happens  that    such  ailjustnunit 


is  not  feasible,  and  therefore  a 
registering  device,  in  the  form 
of  a  graduated  arc,  is  applied 
to  the  bevelj  making  what  is 
known  as  a  protractor,  shown 
in  Fig.  13.  Tiiis  tool  can  be 
used  to  find  the  angular  rela- 
tion in  degrees  or  to  produce  that  relation  bj  setting  to  tiie 
pi'oper  point  on  the  graduated  arc. 

As  the  center  of  a  circle  is  found  at  the  intersection  of  any 
two  diameters,  an  instrument  for  reachly  finding  that  point  is  a 
great  convenience.  In  Fig.  1 2  is  shown  a  comlnnation  of  straight 
edge  and  square  called  a  center  square,  which  accomplishes  this 


result.  As  one  edge  of  the  rule  bisects  the  angle  of  the  square, 
it  is  evident  that  a  line  drawn  by  that  edge  passes  through  the 
center  of  any  circular  piece  to  which  the  square  is  applied. 
Centering  the  ends  of  i-ound  bars  or  circular  work  of  any  kind 
is  the  principal  use  of  this  tool. 

'  Tiie  center  scjnare,  bevel,  and  protractor  are  furnished  in  a 
combination  set  as  shown  in  Fig.  14.  The  ability  to  change  the 
length  of  the  blade  is  one  of  the  great  benefits  of  this  construction. 
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MEASURING  TOOLS 

The  tcstiiiLf  tools  tlius  far  dcscriljed  are  used  for  comparing 
the  angular  relation  of  linos  and  surfaces,  and  may  Ite  called  tools 
for  angular  mcasurenient.  We  now  turn  to  tlie  consideration  of 
instruments  for  nieasvu'ing  distances  and  sizes,  or  tools  for  linear 
uieasiu'eiiient. 


Tlie  most  common  tool  [or  lim'ar  measurcnn'iilx,  and  one  which 
hardly  requires  description,  is  the  so  called  carpenter's  or   two- 


foot  rule.     This  is  very  convenient  for  the  machinist  in  making 
measurements  which  are  not  required  to  he  very  accurate.      For 


IS 
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work  of  greater  rufiiiemeiit,  the  standard  steel  scale  (B^ig.  15)  is 
useil.  Tliis  is  in  realitj'  a  divided  or  graduated  straight  edge  and, 
as  such,  forms  a  part  of  several  tools  already  described.  The 
most  coninu)U  form  of  steel  scale  is  flat,  varying  from  one  to  forty- 


Fig.  14. 


eight  inches  in  length,  and  carefully  hardened  and  ground.  The 
graduations  in  the  better  class  of  scales  are  cut  with  a  dividing 
engine,  although  the  lines  may  be  etched  on  the  surface  with  a 
fair  degree  of  accuracy.  A  thin  and  somewhat  narrower  form, 
called  a  flexible  scale,  is  made  in  sizes  from  four  to  thirty-six 
inches.     What  are  known  as  narrow  scales  are  obtainable  from 
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four  to  thirty-six  inches,  and  are  of  great  convenience  in  certain 
cases.  Besides  these  shapes,  square  scales  are  made  in  sizes  from 
three  to  six  inches  in  length,  and  the  triangular  form  varies  in 
length  from  three  to  twelve  inches.  Steel  scales  with  the  Eng- 
lish system  of  graduation  can  be  obtained  with  the  inches  divided 
in    eighths,    sixteenths,     thirty-seconds,     sixty-fourths;     twelfths. 
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twenty-fourths;  tenths,  twentieths,  lii'tieths,  ami  hunilieilths. 
Spi'fial  scales  are  made  witli  graduations  especially  adapted  tu 
such  uses  as  gear  blank  sizing,  etc. 

Tlie  ends  of  flat  rules  are  sometimes  graduated,  making  what 
might  be  called  a  very  short  rule  with  a  handle.  Flat  rules  are 
sometimes  graduated  with  Metric  divisions  as  hue  as  one  milli- 
meter, and  from  five  centimeters  to  one  meter  in  length. 

For  transferring  and  comparing  disUinces,  dividers  are  com- 
rioidy  used.     They  are  classified  aecorduig  to  the  style  of  joint 


Fig.  10. 


and  the  length  of  the  leg.  The  most  simple  joint  is  the  friction 
and  like  all  frictional  devices,  is  hard  to  set  accurately.  Lock-joint 
dividers  can  be  moved  freely  to  a])[)roximately  the  right  position, 
the  joint  locked,  and  the  adju.«ting  screw  used  for  the  final 
setting. 

Wing  dividers,  Fig.  ICt,  are  of  about  the  same  construction 
as  the  lock  joint,  except  that  the  fastening  is  made  on  the  wing 
instead  of  at  the  pivot.  The  best  of  all  forms  has  a  spring 
adjustment  as  shown  in  Fig.  17.  '  In  this  type,  a  spring  tends  to 
open  the  dividers,  and  the  legs  are  closed  against  the  spring  by 
a  nut  working  on  a  screw  which  is  fastened  to  one  leg  and  passes 
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treely  tluougli  the  other.  The  length  of  dividei-s  varies  from 
two  ami  one-half  to  ten  inches.  The  tlistanee  to  which  dividers 
can  he  opened  is  generally  aljout  equal  to  tlie  length  of  the  leg. 
For  distances  above  ten  inches,  tramind  jwints,  diagram,  Fig.  18, 
are  convenient.  They  consist  of  hardened  steel  points  attached 
to  metal  socket's,  and  can  be  used  on  rods  of  any  length.  One 
point  may  have  a  spring  adjustment,  and  in  that  case  can  be 
set  in  the  same  manner  as  a  pair  of  wing  dividei-s. 

Next  in  importance  to  the  dividers  as  an  adjustable  distance 
gauge,  are    the  calipers.     Instead  of  having  straight  legs    v;itL 


Fie.  18. 


sharp  points,  caliper  legs  are  bent  and  have  blunt  points.  As  dis- 
tances are  to  be  measured  both  outside  and  inside  of  solid  bodies, 
we  have  outside  and  inside  calipers.  The  legs  of  outside  calipers 
have  a  large  curvature  so  that  the  calipers  may  be  passed  over 
cylinders  of  their  greatest  capacity. 

Inside  calipers,  Fig.  20,  are  more  like  dividers  in  general  ap- 
pearance, the  ends  being  bent  outward  slightly  and  the  points 
rounded.  The  same  stj-les  of  joints  iised  in  dividere  are  used  in 
calipers,  and  the  size  of  calipers  is  also  desicjnated  l)y  the  distance 
from   the  joint  to  tiie  end  of  tiie  leo;.      Spring  calipers  are   maile 
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In  sizes  from  two  and   one-half  to  eight  inches,  while  the  other 
styles  vary  up  to  twenty-fonr  inches. 

As  it  is  sometimes  necessary  to  make  measurements  behind 
shoulders  and  in  chambered  cavities,  where  the  onlinary  calijiers 
could  not  be  removed  after  setting,  it  is  necessary  to  have  cal- 
ipers so  arranged  that  they  may  be  set,  changed  to  clear  the 
obstruction,  and  then  reset  accurately  in  the  fii'st  position.  This 
is  accomplished  by  transfer  calipers,  sliown  in  Fig.  19,  in  which 
one  leg  is  temporarily  fastened  to  a  stub  or  false  leg.      After  set- 


1-ig.  ;x 


Fig.  Ifc. 


ting,  this  leg  may  be  moved  away  from  the  stub,  the  calipers 
wiilidrawn,  aiKl  the  leg  again  placed  in  contact  with  the  stub; 
the  points  will  then  be  found  to  occupy  tiie  same  position  as 
when  first  set.  Small  curved  legs  may  be  used  in  place  of  points 
or  trammels  in  caliperiiig  large  oi)jects. 

Both  dividei-s  and  calii)ersare  usually  set  by  means  of  a  scale. 
In  setting  dividei-s,  place  one  ptt'wt  in  a  graduation  of  the  acale, 
and  move  the  other  until  it  falls  easily  into  another  graduation 
which  gives  the  required  dist^mce.  Outside  calipers  are  often  set 
by  placing  one  leg  against  the  end  of  the  scale  and  moving  the 
other  until  it  is  opposite  the  middle  of  the  graduation  giving  the 
required  length.  Ac  the  graduations  are  not  mathematical  lines, 
but    have    an    apjireciable    width,    this    last  precaution   is  one   of 
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orreafc  iinportaiu'o.  Inside  calipers  are  set  by  placing  both  the 
scale  and  caliper  toe  against  a  plane  surface  as  shown  in  Fig.  21 ; 
the  other  toe  is  then  set  the  same  as  the  outside  caliper. 

CaliiK'r  legs  are  comparatively  slender,  are  easily  bent,  and  care 
must  be  taken  in  using  them  to  see  that  the  contact  with  tlie 
object  being  tested  is  very  light.  It  is  an  easy  matter  to  spring 
calipers  of  common  sizes  as  much  as  one-sixteenth  of  au  inch. 

The  caliper  square  is  made 
by  attaching  a  movable  blade 
to  the  common  square.  In  the 
onlinary  forms  it  closely  re- 
sembles a  steel  rule  with  t\\o 
arms  extending  from  it  at  right 
angles,  one  fi.xed  near  the  end 
and  the  adjustable  arm  sliding 
along  the  scale  with  a  clami^ing 
device  for  adjusting  this  mov- 
able   arm.      In    order    that    the 

movable  arm  may  be  set  accurately,  caliper  squares  (Fig.  22),  as 
at  present  constructed,  have  two  clamps  for  the  movable  arm. 
The  one  carrying  tlie  thumb  nut  is  to  be  first  clamped  in  approxi- 
mately the  right  position  ;  the  clamp  on   the  movable  arm  being 
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secured  after  the  adjustment  has  been  made  by  the  nut.  The  sizes 
used  vary  from  three  inches  up,  and  are  limited  only  by  the  length 
of  scales  obtainable. 

For  measurements  which  are  required  to  be  more  accurate  than 
can  be  obtained  by   the  preceding  forms  of  calipering  devices,  the 
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micrometer  caliper,  Vvr.  2:?,  is  used.  The  accurnvy  of  its  meas- 
urements is  aelermineii,  not  l.v  .H.eet  seltin-  to  two  lines,  l.ut  l.y 
finely  dividini?  tl.c  i.ilch  of  the  measuring  s.-ivxv  and  furnishing 
means  for  reading  these  subdivisi.ms.  It  is  a  registering  as  well 
as  an  indiealing  caliiK«r,  and  thus  serves  the  pni-pose  of  a  eommon 
ealip-r  in   eombinati..M   ^^ith    a  rule,    hut  with   a    mneh   gi-eater 

decree  of  aecui-U'V. 

'  It  consists,  essentially,  of  a  creseenl.sliai.ed  frame  carrying  a 
hai-dened  steel  anvil  15  at  one  end  and  a  nut  of  fine  pitch  at  the 
„ther;  the  axis  of  the  nut  being  at  right  angles  to  the  face  of  the 
anvil        The  outside  of  the  nut.  A,  forms  a  projection  beyond 


the  crescent  that  is  called  the  barrel.     The  measuring  screw  con- 
sists of   a   fine-pitched   screw  to  fit    the  nut,  combined  with  a 
measuring  point  C,  having  a  face  parallel  with  that  of  the  anvd. 
Firmlv  attached  to  tlie  outer  end  of  this  screw,  is  a  tliimble  D, 
fitting  closely  over  the  barrel;  the  edge  of  this  thimble  is  beveled 
so  that  graduations  placed  on  the  edge  come  very  close   to  thej 
barrel.     A  reference  line  is  drawn  on  the  barrel  parallel  to  ifa 
axis  and  graduated  to  represent  the  pitch  of  the  screw.     Tl.. 
cbamfered  edge  of  the  thimble  is  so  divided  that  the  movement 
of  one  division  past  the  reference  line   on  the  barrel  indicates  a, 
movement  of  the  measuring  point  of  one  thousandth  of  an  inch. 
For    example:    if   the   pitch    of    the   measuring   screw   is   one] 
nundredth    of  an  inch,    there  should    be    ten  divisions    on   the 
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thimble;  if  one  fiftietli  of  an  i.idi,  twenty  divisions ;  if  one 
fortieth  of  an  ineh,  twenty-live  divisions;  if  one  twenty-fifth  of 
an  incli,  forty  divisions.  Measuring  screws  having  a  pitch  of  one 
fortietii  of  an  inch  aie  commonly  used,  and  every  fourth  division 
on  the  barrel  lengthened  and  numbered  to  indicate  tenths  of  an 
inch  as  shown  in  Fig.  25. 

In  using  tlie  micrometer  caliper,  it  should  not  be  set  at  the 
size  required  and  pushed  over  the  work,  but  should  be  screwed 
down  until  the  measuring  point  C  and  anvil  B  are  in  contact  with 
the  work;  the  size  may  tiien  be  read  from  the  relation  of  the 
thimble  to  the  reference  line  on  the  ban-el.  The  proper  degree 
of  pressure  to  be  ai)plied  to  the  screw  is  acquired  only  aftei^ex- 
tended  practice,  and  some  manufacturers  place  a  friction  device 
oil  the  tliind)le  so  that  undue  pressure  cannot  l)e  exerted. 


Fig.  24. 


The  micrometer  caliper  will  not  only  indicate  that  the  work 
is  too  large  or  too  small,  but  will  also  show  exactly  the  amount 
by  which  it  differs  from  the  desired  measurement.  This  is  a  great 
improvement  over  the  rigid  form  of  caHpers,  and  enables  the 
workman  to  judge  more  accurately  the  progress  of  the  work. 
This  form  of  caliper  is  rapidly  coming  into  favor  in  spite  of  its 
cost,  and  for  this  reason  it  has  been  described  more  at  length  than 
the  common  forms  previously  considered. 

^  The  range  of  motion  of  the  measuring  screw,  is  usually 
limited  to  one  inch.  Various  devices  give  the  micrometer  caliper 
a  larger  range  of  action.  IVIicrometer  calipers  may  now  be  pur- 
chiised  in  combinations  or  sets  giving  a  ranae  from  zero  to  tu-elve 
inches. 

The  application  of  the  micrometer  principle  to  inside  meas- 
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nre.r.ents  i.  not  in  geueml  n«o,  but  is  easy  to  arninge,  and  makes 
a  very  si">l'lc  insliuin^nt,  as  shown  in  Fig.  24.  It  consists  ot  an 
orcUnary  n.ieronK-ter  liead,  except  tl.at  the  outer  end  of  the  tlnni- 
ble  carries  a  conbict  i.oiut,  att;iched  to  a  jneasuring  rod  winch  niay 
be  of  any  lenoth.  Two  incbes  is  about  the  shortest  distan.'e  that 
can  be'nieasured  with  tliis  device,  but  there  is  hanlly  any  lin.it  in 
length,  as  the  rigidity  of  the  rod  is  easily  provided  for.  It  is  evi- 
dent that  such  rlgi.lity  is  haitler  to  obUiin  in  the  curved  shape 
necessary  f..r  outside  measurement,  and  thus  limits  this  form  to 
about  12  inches,  as  alu.ve  stated.  The  contact  poinfs  in  the 
outside  type  are  parallel  plane  surfaces,  and  in  the  inside  form  are 
rounded  "points  of  small  rnlius.     Outside  micrometers    are    pro- 
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vided  with  contact  points  of  varying  forms  for  measuring  paper, 
threads,  walls  of  tubes,  etc.  The  sbai^es  for  these  purposes  will 
not  be  shown,  liut  mav  easily  be  imagined. 

Reading  the  Micrometer.  As  stated  above,  the  raicrometei 
screw  has  40  threads  per  inch  and  the  thimble  has  25  divisions 
on  its  circumference.  The  barrel  is  divided  to  con-espond  to  tin 
pitch  of  the  screw  with  each  fourth  division  numbered.  In  read 
incr  the  indicated  measurement,  first  note  the  highest  number  vis. 
ble  on  the  barrel,  and  call  it  hundreds  of  thousands  or  tenths.  (Ii 
Fig  25  it  is  400  thousandths  or  .400.)  Then  read  the  shor 
divisions  on  the  barrel,  calling  the  first  division  25  thousi.ndth 
(.025),  the  second  50  thousandths  (.050),  and  the  third  7.)  tliOK 
sandths  (.075).  In  this  figure  the  third  division  is  tlie  last  on 
visible.     Now  read  the  number  indicated  on  the  tliimble ;  that  L 
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the  imiiiher  that  has  passed  the  line  running  lengthwise.  In  the 
limire  it  is  10;  or  10.1  if  tl'*^  reading  is  to  l)e  finer  than  thou- 
saiultlis.  Add  this  reading  to  tlie  readings  of  the  slioit  divi-iions, 
thus:    75  +  16.1=91.',  ;    this 
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is  .091.}.  Adding  the  .400 
to  this  we  get  .491.1.  This 
means  that  the  distance  from 
the  anvil  to  the  measuring- 
point  is  iVoVV  "f  '*''  '"^■^''  '*'" 
.491o  inch.  If  the  microm- 
eter caHper  is  a  good  one, 
we  may  be  sure  the  distance 
is  between  .491  inch  and 
,492  inch. 

The  Vernier.  As  lias 
already  been  stated,  the  linest 
graduation  that  can  be  easily 
read  on  a  steel  rule  by  the 
naked  eye,  even  after  mucli 
practice,  is  one-hundredth  of 
an  inch.  With  the  growing 
refinement  in  measurements, 
it  was  found  necessary  to 
obtain  readings  finer  than 
this,  and  a  method  of  subdi- 
vision, known  from  the  name 
of  the  inventor,  as  the  "  Ver- 
nier," was  adopted.  The 
principle  will  first  be  ex- 
plained.    (See  Fig.  26. ) 

Let  two  rules  be  so 
graduated  that  the  true  scale 
has  each  inch  divided  into 
ten  equal  }«rt«,  and  the  \  er- 

nier  scale  has  ten  divisions  occupying  the  same  space  as  nine  of 
the  divisions  of  the  .scale.  It  is  evident  that  one  of  the  divisions 
on  tlie  '\'"ernier  is  equal  to  ^V  of  one  of  those  on  the  scale.  Now,  if 
the  Vernier  be  moved  to  the  riglit  so  that  the  graduations  marked 
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1  shall  coincide,  the  Vernier  will  have  moved  one  tenth  of  a  divis- 
ion on  the  scale,  or  one  hundredth  of  an  inch ;  when  graduations 
nundn^red  5  coincide,  the  ^'crnier  will  have  moved  five  hundredths 
of  an  inch;  when  lines  marked  0  and  10  coincide,  the  Vernier 
will  have  moved  nine  hundredths  of  an  inch;  and  when  10  on 
the  Vernier  comes  opposite  10  on  the  scale,  the  Vernier  will  have 
moved  ten  hundredths  of  an  inch,  or  the  whole  of  one  division 
on  the  scale.  By  this  means  the  scale,  although  gradnat«d  only 
to  tenths  of  an  inch,  may  he  accunitcly  set  at  points  whose  posi- 
tions are  expressed  in  hundredths  of  an  inch. 


¥\ii.  -JT. 


Let  us  consider  Fig.  26.  At  A  the  Vernier  is  shown  with 
the  0  in  line  with  2  on  the  scale ;  hence  the  reading  is  2.000. 

In  B,  the  0  of  the  Vernier  has  moved  to  the  right  heyond  the 
division  marked  o.  The  line  9  on  the  Vernier  is  in  line  with  a 
line  on  the  scale ;  hence  the  reading  is  2.59. 

In  C,  the  zero  of  the  Vernier  has  moved  to  the  right  still 
farther.     The  reachng  is  evidently  4.05. 

In  D,  the  reading  is  3.43. 

In  E,  the  reading  is  2.28. 

While  arcs  of  small  radius  can  be  easily  graduated  into  de- 
grees, it  is  not  possible  to  subdivide  the  degree  without  making 
the  di%-isions  confusing.  By  aid  of  the  Vernier  placed  just 
above  the  true  scale  representing  degrees,  readings  can  be  made 
with  accuracv  to  one-tenth  of  a  degree,  or  six  minutes.      The 
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divisions  of  such  ;i  Vernier  scale  are  shown  in  Fig.  27,  and  are 
alsii  show  u  when  set  to  read  76°  48'. 

The  iiKist  coiiunon  application  of  the  \'ernii'r  to  linear  nieas- 
uriMhi'iits  is  I'duml  in  tlie  N'ernier  caliper  s(piare.      Tiie  one  shown 
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in  Fig.  28  reads  to  one-thousandth  of  an  inch.  Eacli  inch  of  the 
true  scale,  or  beam  of  the  instrument,  is  divided  into  40  parts 
(every  fourth  graduation  being  empliasi/.ed),  while  tlie  ^"ernier, 
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VERNIEIR 
Fig-  28a. 

or  sliding-scale,  has  25  divisions,  occupying  the. same  space  as  24 
divisions  on  the  tru3  scale.  By  the  reasoning  used  in  connection 
with  Fig.  26  the  difference  in  length  of  one  division  on  the  Ver- 
nier, as  compared  with  one  of  those  on  the  true  scale,  is  equal  to 
one  twenty-fifth  of  one  fortieth  or  one  tliousandth  of  an  inch.  The 
caliper  square  shown  in  Fig.  28  is  set  at  .279  inch.  The  scale  is 
also  shown  enlarged  in  wliich  the  reading  is  1.31  inch. 

By  the  use  of  the  Vernier  in  connection  with  the  micrometer 
caliper,  readings  are  easily  made  to  one  ten-thousandth  of  an  inch. 
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As  shown  ill  Fig.  29,  lines  are  dniwn  on  the  Imriel  parallel  to  the 
reference  line,  making  ten  (■(iiial  divisions  oecnpying  tlie  same 
s|)aoe  as  nine  divisions  on  the  thimhle.  Referring  to  Fig.  30,  it 
will  be  seen  tliat  eacli  division  on  the  thimhle  may  l»e  accurately 
divided   into  ten  parts,  eacli  indicating  a  difference  in  the  position 


t'i-. 


of  the  measuring  point  of  one  ten-thousandth  of  an  inch.  Hajiid 
reading  of  the  Vernier  in  any  form  can  only  he  acquired  hy  i)rac- 
tice,  hut  the  following  directions  may  be  found  helpful  : 

In  Reading  the  Vernier,  we  must  bear  in  mind  the  fact  that 
each  division  on  the  Vernier  is  -^^  of  one  division  on  the  scale, 
and  that  if  line  No.  1  on  the  Vernier  is  in  line  witli  any  division 
of  the  scale  the  zero  of  the  Vernier  is  -^^-  of  one  division  away 
from  the  graduation  l)elow  it ;  if  line  No.  2  is  in  line,  the  zero  is 
,2^  away  from  the  graduation  ;  if  line  No.  6  is  in  line,  the  zero 
is  j\  away. 

Suppose  the  Vernier  is  in  position  on  the  scale  and  graduated 
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as  shown  in  Fig.  SO.  First  read  tlic  liigliL'st  divisiuii  uu  the  scale 
to  the  left  of  the  zero  on  tlie  \'eriiier.  (09  is  the  division  in  tlie 
lignre.)  Then  follow  along  tiie  seale  (to  tlie  right)  until  two 
graduations  are  found  that  are  in  line,  as  at  (J  on  the  \'ernier  and 
75  on  the  scale.  >.'ow,  since  one  division  on  the  Vernier  means 
that  the  zero  is  -^^  of  a  division  of  the  seale  away,  six  divisions 
(if  the  Vernier  means  that  the  zero  is  -^^^  away ;  hence  the  zero 
of  the  Vernier  is  -^^  beyond  the  69,  and  the  reading  is  69  and 
J'jj  or  09.6. 

Arcs  of  circles,  such  as  are  on  surveyors  instruments,  may 
be  graduated  to  read  to  half  degi'ees  if  the  diameter  is  about  8 
inches.  Now,  if  we  jjut  on  the  circle  a  Vernier  graduated  so  that 
we  liave  30  divisions  equal  to  29  divisions  of  the  scale  (arc),  we 
can  read  30ths  of  half  degrees  or  minutis. 


66   67  68   69  71     72   73    74  76   77   78    79 

65  70  75  60 

Fig.  30. 


Vernier  Micrometer.  To  get  ver}'  accurate  readings,  a  Ver- 
nier scale  is  placed  on  the  barrel  of  the  micrometer  caliper.  Let 
Fig.  29  represent  the  back  side  of  the  micrometer  caliper  shown 
in  Fig.  25.  The  reading  already  obtained  was  .491  inch.  Now 
turn  the  caliper  over  (Fig.  29),  and,  commencing  at  the  right, 
count  the  graduations  until  one  is  reached  that  coincides  or  is  in 
line  with  a  graduation  on  the  thimble.  In  doing  this,  call  the  first 
division  zero,  the  second  1,  the  third  2,  etc.  The  number  of  the 
division  on  the  Vernier  that  is  in  line  with  the  division  on  the 
thimble  indicates  the  ten-thousandths  above  the  regular  microme- 
ter reading.  From  Fig.  29  we  see  that  the  5th  line  is  the  gradu- 
ation which  is  in  line  with  the  division  on  the  thimble  which 
should  be  called  4,  as  explained  above.  Then  the  reading  is 
.4914  instead  of  .4915,  as  we  read  it  from  the  other  side  (the 
plain  micrometer).  With  a  good  micrometer,  we  can  be  sure  that 
the  distance  between  the  anvil  and  the  point  is  more  than  .4913 
and  less  than  .4915. 
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The  Retrograde  Vernier.     In  ivltlition  to  the  direct  Vernier, 

there  is  another  form  called  tlie  letrognvde  V'eriiier,  which  has  10 

(hvisions  on  the  Vernier  and  11  on 

VERNIER  the  scale.     In  this  case  the  gradu.i- 

tions    on    the  Vernier  must  be  re- 

-    versed,  as  shown  in  Fig.  31. 

Caliijers   reading  to  ten-thous- 
andths   should    not   be    connnoidy 
used   when    fine    measurements  are 
not  required,  because  in  an  instru- 
ment of  this  class  wear  is  perceptii)le  and  important  which  would 
be  of  comparatively  little  consequence  ina  caliper  that  reads  only 
to  thousandths. 

In  using  the  micrometer  calijx'r  for  fine  measurements,  care 
should  be  taken  in  the  handling  of  the  instrument.  Constant  con- 
tact with  the  warmth  of  the  hand  will  expand  it  sufficiently  to 
make  an  error  in  the  reading.  The  body  should  be  held  between 
the  thumb  and  forefinger  of  one  hai:dand  the  thimble  turned  with 
the  other.  It  should  be  laid  a.side  as  soon  as  a  reading  has  been 
made.  It  should  never  be  laid  upon  a  piece  of  cold  iron,  because 
the  contraction  due  to  chilling  is  likely  to  cause  an  error  in  the 
opi)osite  direction  from  that  which  would  be  caused  by  the  heat 


of  tlie  haud. 


EXAMPLES   FOR   PRACTICE. 

1.    A  micrometer  caliper  shows'a  reading  of  .463  ;  how  many 
times  must  the  thimble  be  turned  to  produce  a  reading  of  .o87? 


Assume  40  threails  per  ijich. 


Ans.  4||  times. 
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2.  AVliat  are  the  readings  of  the  Vernier  uucrometer  calipei'S 
sliDwn  in  Figs.  A  and  B  ?      Ans.  .039. 

3.  State  tlie  readings  of  tlie 
micrometer  calipers  sliowu  iu  Figs. 
0  and  I).  Ans.  .15i(j. 

4.  Give  the  readings  of  tlie 
Vernier  micrometer  calipers  shown 
iu  Figs.  E  and  F.  Ans.  .7BU8. 

5.  Sketch  the  front  and  back  of 
a  "N^ernier  micrometer  caliper  when 
the  reading  is  .6327. 

6.  AMiat  is  tiie  reading  of  the 
Vernier  and  scale  Avheu  iu  position  G? 

Ans.  ().o6. 
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Fixed  Gauges.  Wliile  the  adjustable  gauges  that  have  just 
been  described  are  avaihible  for  a  large  range  of  work,  gauges  of 
one  dimension,  or  fixed  gauges,  are  used  to  a  considerable  extent, 
especially  in  shops  where  Avork  of  a  duplicate  character  is  produced 
iu  large  quantities.  These  luay  be  used  as  standards  to  which 
adjustable  gauges  may  be  set,  or  used  directly  in  connection  AA-ith 
the  work  in  the  same  manner  as  an  adjustable  gauge.  The  form 
of  such  gauges  for  comparisons  of  length  is  a  steel  rod  "with  the 
ends  carefully  ground  so  that  the  distance  required  may  be 
quickly  and  accurately  determined.  In  one  form  the  ends  are 
parallel  plane  surfaces,  and  in  another  the  ends  are  sections  of  a 
spiiere  of  the  same  diameter  as  the  length  of  the  rod.  Both  these 
forms  are  illustrated  in  Fig.  32.  Another  form  of  gauge  for  the 
same  purpose  consists  of  hardened  and  ground  steel  disks.  Fig.  33, 
to  which  calipers  and  similar  tools  may  be  set,  and  which  may  be 
used  also  to  test  the  size  of  holes  by  direct  application.  F'or  the 
latter  purpose  handles  are  provided  liy  which  the  disks  can  be  con- 
veniently manipulated. 
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Plug  and  ling  gauges,  as  shown  in  Fig.  34,  furnish  accurate 
anil  convenient  standards  for  the  production  of  duplicate  parts  of 
uiachines.     The  same  result  is  attainetl  hv  the  calijKT  gaiige  sho\m 


o 
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Fig.  32. 

Ill  Fig.  •S.'i,  which  combines  the  two  gauges  in  one  piece.  In  this 
form  the  external  gauge  has  parallel  plane  surfaces  and  the  in- 
ternal gauge   is    a   section  of   a   cylinder.     In   sizes   above    three 
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inches,  the  caliper  gauge  is  usually  made  in  two  parts,  also  shown 
in  Fig.  35,  making  the  tool  easier  to  handle. 

As  is  indicated  by  the  cost  of  these  gauges,  the  exact  dupli- 
cation of  such  exact  sizes  in  quantities  would  mean  a  cost  that 
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would  1)1!  i.iohibitive  in  raaclune  constniction.  The  limit  of  error 
ill  the  stiimlartl  gauges  just  described  is  never  over  one  ten-thou- 
sandth of  an  infh  at  a  standard  temperature,  which  is  usually  taken 
as  70°  F.     Ordinary  machine  parts  do  not  require  such  accuracy, 


Fi-  34. 

aiul  it  is  usual  to  allow  a  limit  of  error  which  is  in  accordance 
with  the  class  of  work  being  produced. 

For  testing  sizes  and  dimensions,  both  at  the  niachiue  and  in 
the  inspection  department,  combination  gauges,  known  as  limit 
gauges,  are  employed.     These  are  made  both  for  external   and 


internal  measurements.     The  external  gauge  shown  in  Fio-.  .36  is 
or  testing  pieces  supposed  to  be  .25  inch  in  diameter.     Is  ind. 

of  .OOOo  inch  over,  and  .001  inch  under  the  nominal  size      The 

mlec  r  f  ^"-^V'  "f-     ™'  ^^"^^  ''  ^^'-^  conveuientlv 

tht  fo.         '^'"'•^'  •""'  ""''  ""''  ^■'''  *''™"g'^  '^'  second.     In 
low  17;";?""^  ^'^'^  ''''  ^'''"^  for  variation  above  and  be 

marked  'go  .^     being  required  to  pass  into  the  hole,  while  the 
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other  end,  marked  "  not  go  in,"  must  not  enter.  An  arrangement 
of  the  internal  limit  gauge  similar  to  the  external  gauge  of  Fig.  37 
is  shown  in  Fig.  :'>9,  and  has  the  same  advantages. 


Fig.  ."56. 

In  some  classes  of  work,  no  variation  is  allowed  over  the 
standard,  and  in  others,  no  variation  is  allowed  under  the  nominal 
si/.c.  The  amount  of  variation  allowed  in  any  case  is  governed 
hy  the  class  of  work  and   the   inU-nded  use  of  the  piece.     As 


3S 

^8 

z 
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these  allowances  are  not  uniform,  such  gauges  are  made  only  to 

oilier. 

For  many  years  gauges  of  an  entirely  different  character 
have  been  used  in  tlie  measurement  of  wire,  small  rods,  and  sheet 
metal.  The  sizes  have  been  designated,  not  by  the  diameter  or 
any  definite  unit,  but  by  a  number  or  letter  in  a  purely  arbitrary 
manner.  Even  in  the  same  gauge,  the  sizes  do  not  advance  m 
any  regular  order.  The  matter  is  still  further  complicated  by 
the  fact  that  in  one  gauge  large  numbers  indicate  large  sizes, 
while  in  another,  the  smaller  unmbcrs  mark  the  large  diameters. 
Another  source  of  annoyance  lies  in  the  fact  that  such  gauges 
are  cheaply  made  and  cannot  be  relied  upon  to  be  duplicates  of 
one  another.  These  gauges  were  the  natural  result  of  the  recogni- 
tion by  large  manufacturers  of  the  necessity  of  standards  by  which 
to  -rade  tlieir  products.  Hence  we  have  such  gauges  as  the 
Bro"^-u  and  Sharpe,  Birmingham  or  Stubs,  Washburn  and  Moen, 
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United  bLates  stiiiulanl,  Morse  Twist  Drill  Co.,  and  many  others. 
As  a  step  in  the  right  direction,  a  decimal  gauge  lias  recently 
been  adopted,  in  which  the  sizes  are  indicated  by  numbers  which 
reiJivsent  the  diameters  in  tiiousandths  of  an  inch.     JMost  of  these 


- 

1.249 

1.251 

oranges  had  their  origin  in  days  when  refined  measurements  were 
not  conniion,  but  since  the  use  of  the  micrometer  caliper  has 
become  almost  universal,  there  seems  to  be  no  good  reason  why 
idl  sizes  should  not  l>e  expressed  in  thousandths  of  an  inch,  thus 


Fig.  -to. 

avoiding  all   the  troubles   incident  to  the   use  of  (ho  arbitrary 
gauges. 

For  the  production  of  accurate  plane  surfaces  the  use  of  the 
straight  edge  is  not  sufficient.  Sucli  surfaces  should  be  compared 
with  stiiudard  surfaces  called  surface  plates.  Fig.  40.  A  sui'face 
plate  is  a  cast-iron  plate  strongly  ribbed  on  the  back  to  prevent 
distortion,  and  supported  on  three  points  to'  insure  a  uniform 
base.  The  production  and  use  will  be  described  under  the  head 
of  "  Scraping."  They  may  be  had  ia  sizes  varying  from  3  inches 
by  4  inches  to  36  inches  b}''  72  inches. 
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The  niiichinist's  bench  at  which  hand  work  is  oiiliiiarily  per- 
formed  should  he  of  substantial  character,  about  two  feet  ten  inches 
from  the  Hoor  and  two  feet  six  inches  wide  (see  Fig.  41).  For  the 
sake  of  economy  it  is  usual  to  have  a  two  and  one-half  or  three 

inch  plank  at  the  front  to 
^  which    the    vises  aie  fast- 

ened and  on  Avhich  all  the 
heavy  work  is  done,  while 
the  rear  of  the  bench  is 
made  from  one-inch  stuff. 
i\Iai)le  and  birch  are  pre- 
ferred as  materials  for  a 
bench,  although  ash  makes 
a  very  good  sul)stitute. 

In    order    that   work 
may  l)e  held  rigidly  for  the 
performance  of  hand  opera- 
tions, the    machinist    uses 
what    is    termed    a    vise. 
They  are  made  in  a  great 
variety  of  forms  and  sizes, 
but  all  consist  essentially 
of  a  fixed  jaw,  a  movable 
jaw,  a  screw,  a  nut   fast- 
ened to  the  fixed  jaw,  and  a  handle  by  wliich  the  screw  is  turned 
in  the    nut  and   the   movable    jaw  brought  into  position.     The 
sectional  view.  Fig.  42,  shows  these  parts  clearly  and  also  a  device, 
present  in  some  form  in  all  vises,  by  which  the  movable  jaw  is  sepa- 
rated from  the  fixed  jaw  when  the  screw  is  backed  out  in  the  nut. 
In  the  machinist's  vise,  both  jaws  are  made  of  cast  iron  with 
removable  faces  of  cast  steel.    These  may  be  checkered  to  provide 
a  firm  grip  for  lieavy  work,  or  may  be  smooth  to  avoid  the  mark- 
ing the  surface  of  the  plate  operated  upon.     When  holding  soft 
metal,  even  the  smooth  steel  jaws  would  mar  the  surface ;   and  in 
such  cases  it  is  customary  to  use  false  jaws  of  brass  or  Babbitt 
metal,  or  to  fasten  leather  or  paper  directly  to  the   steel  jaws. 
The  screw  and  handle  are  made  from  steel  and  the  nut  from 
malleable  iron. 


Fis.  41. 
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The  cuiiimon  luotlioa  of  fastening  a  vise  to  the  bench  is  by 
means  of  the  lixed  base  shown  in  Fig.  42,  altlioiigli  a  swivel  base 
sucli  as  is  shown  in  Fig.  43  is  preferable.  The  vise  shown  in 
Fig.  43  lias  a  swivel  jaw  also  which  enables  it  to  hold  tapered 
work  securely.  This  swivel  jaw  is  provided  with  a  locking-pin 
which  fixes  tl:e  jaws  in  a  parallel  position.     The  height  of  the 


vise  from  the  floor  depends  somewhat  on  the  class  of  work  to  be 
performed,  but  a  general  rule  is  to  Imve  the  top  of  the  jaws  about 
one  and  one-half  inches  below  the  point  of  the  elbow  when  stand- 
ing erect  beside  the  ^ise. 


CUTTING  TOOLS. 

The  simplest  form  of  mefcU-cufting  tool  is  the  chisel.  The 
several  types  in  common  use  are  shown  in  Fig.  44.  The  flat 
chisel  is  used  for  snagging  castings,  for  chipping  surfaces  havincr 
less  Madth  than  the  edge  of  the  chisel,  and  for  all  general  chii> 
ping  operations.  It  is  tiie  form  most  commonlv  used,  and  is 
oiU-n  called  tlie  cold  chisel.     Genemlly  it  has  a  cutting  ed^re 
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about  an  eiglitli  of  an  inclt  wider  than  the  stock  from  wiiich  it  is 
forged.  The  cape  chisel  is  used  for  cutting  key  ways,  channels, 
etc.,  and  also  for  breaking  up  surfaces  too  wide  to  chip  witli  the 
flat  chisel  alone.  Cluiunels  are  dnven  across  such  a  surface, 
leaving  raised  portions  or  "lands"  to  be  removed  by  the  flat 
chisel.  The  cutting  edge  of  this  chisel  is  usually  one-eighth  of 
ai;  inch  narrower  than  the  shank,  and  the  part  just  in  the  rear  of 
the  cuttino-  edge  is  niade  thiu  enough  to  avoid  binding  in  the 


Fi-;.  43. 

* 
slot.     As  tliis  weakens  the  chisel,  it  is  made  comparatively  thick 
in  the  plane  at  right  angles  to  the  cutting  edge. 

The  diamond  point  chisel  is  made  by  drawing  out  the  end 
of  the  stock  to  about  -{'^  inch  square,  and  grinding  the  end  at  an 
angle  with  the  axis  of  the  chisel,  leaving  a  diamond-shaped  point. 
It  is  used  for  drawing  holes,  making  oil  grooves,  and  cutting 
boles  in  flat  plates. 

The  small  round-nosed  chisel  is  cylindrical  in  section  near' 
the  cutting  end,  the  edge  l)eing  ground  at  an  a!ig!e  of  60°  witli 
the  axis  of  the  chisel.  When  used  to  "draw"  the  starting  oi 
drilled  holes  to  bring  them  concentric  with  the  drilling  circle^ 
they    are    called    center  chisels.       This    form    is    also    used     fo 
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cutting  channel,  such  as  oil  grooves  and  sinular  work.  Tlie 
hu-ger  sizes  of  round-nosed  chisels  are  of  the  general  shape  ol 
the  cape  chisel  with  one  edge  rounded,  making  a  convex  cutting 
edge.  Large  round  hottomed  channels  and  all  concave  surfaces 
are  the  i>roper  work  of  the  round-nosed  chisel. 

All  the  acconip;uning  forms  should  he  made  from  a  good 
grade  of  tool 'steel,  carefully  forged,  hardened,  and  tempeivd  m 
a  purple  color.  The  stock  generally  used  is  octagonal,  and  the 
chisels  for  heavy  work  are  about  eight  inclies  long  and  tiiree- 
quarters  of  an  inch  in  diameter. 


The  two  bevels  forming  the  cutting  edge  of  a  chisel  should 
make  with  each  other  as  small  an  angle  as  is  possible  without 
leaving  the  cutting  edge  weak.  If  the  angle  is  too  small,  the 
chisel  will  soon  become  dull,  M'hile  if  large,  more  force  will  be 
required  to  drive  it.  The  best  angle  for  cutting  cast  iron,  all 
things  considered,  is  al)out  70°,  while  fin-  wrought  iron  and  mild 
steel  a  slightly  smaller  angle,  say  G0=,  will  be  better.  When  there 
are  two  bevels,  they  should  be  alike  in  width,  and  form  equal 
angles  with  the  center  line  of  the  chisel.  Small  round-nosed 
chisels  and  some  slotting  chisels  are  ground  one-sided,  that  is, 
with  but  one  bevel  like  a  wood  chisel.  The  angle  between  the 
surfaces  which  form  the  cutting  edge  should  be  the  same,  whether 
these  surfaces  are  both  bevels,  or  one  a  bevel  and  the  other  the 
straiglit  side  of  the  chisel.  In  a  one-sided  chisel,  therefore,  the 
angle  that  the  bevel  forms  with  the  center  line  of  the  chisel 
should  be  twice  as  large  as  in  one  having  two  bevels. 

To  cut  well,  chisels  should  be  sharp,  and  therefore  should 
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be  ground  at  (Hicc  when  tliey  become  dull.  Tliis  may  be  done  ou 
an  emery  or  carborundum  wheel,  not  finer  than  No.  60,  care 
being  taken  to  avoid  heating,  whieh  draws  flie  temper,  and 
spoils  the  tool. 

Chipping  is  a  term  applied  to  the  removal  of  metal  with  the 
cold  chisel  and  liaimncr.  'Hie  degree  of  accunic}'  required  varies. 
Tlie  piece  is  licld  in  a  vise,  and  the  method  of  worldng  is  to  grasp 

the  chisel  finnl}'  with  tiie  left 
hand,  holding  the  cutting  edge 
to  the  work,  and  striking  the 
head  of  the  eliisel  with  the 
hanuner,  keeping  the  eyes  ou 
tlie  edge  of  the  chisel  to  watch 
tlic  progress  of  the  work  (see 
Fig.  45).  The  lower  side  oi 
1  level  of  the  chisel  is  the  guid 
ing  surface,  and  is  held  at  a 
very  slight  angle  with  the  fin- 
Islieil  portion  of  the  work,  tiie 
cutting  edge  only  touching. 
Raising  or  lowering  the  shank 
of  the  chisel  increases  or  de- 
creases the  inclination  of  the 
guiding  bevel,  and  causes  the 
j,.j„_  ^5  chisel  to  tiike  a  heavier  or  lighter 

cut.  If  the  hand  is  carried  too 
low, the  chisel  will  run  out  before  the  end  of  the  cut:  while  if 
the  hand  is  raised  too  high,  the  progress  will  be  slow,  owing  to  the 
resistance  offered  by  the  nietal  to  separation.  The  deptli  of  the 
cut  taken  with  a  cold  chisel  should  never  be  more  than  an  eighth 
of  an  inch. 

When  chipping  wrought  iron  or  steel,  a  piece  of  waste  satu- 
rated with  oil  should  be  kept  on  the  bench,  and  the  edge  of  the 
chisel  fretjuently  thrust  into  it.  This  lubricates  the  surfaces  in 
contact  and  preserves  the  cutting  edge  of  the  chisel.  While  lines 
are  used  as  guides  in  chipping  operations,  it  is  never  advisable  to 
bring  the  surfaces  too  near  them  with  tlie  chisel ;  sufficient  stocK 
must  be  left  so  that  the  surfaces  may  be  finijhed  with  a  file.    'J'his 
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is  es{K"cially  tobe  ol.servod  in  chipi.incf  key  ways  with  a  cape  elii.sel ; 
iin  ample  H.ai-in  iov  liling.  .sln.uhl  i.e  left,  I.o'tl.  on  the  sides  and 
(>ii  the  hottoni. 

The  file  diifers  Innu  the  eliisel  in  Juiving  u  large  number  of 
euttiiig  points  instead  of  one  euttijig  edge,  and   in    l>eing  driven 


i'ig.  40. 

directly  by  the  hand  instead  of  by  the  hannner.  As  hand  power 
only  is  used,  it  is  evident  that  the  amount  of  metal  removed  at 
one  stroke  will  be  small,  and  the  amount  removed  by  a  single 
tooth  will  be  exceedingly  small. 

Files  are  made  from  cast  or  crucible  steel,  and  in  manufac- 
ture pass  tlirough  tlie  successive  processes  of  forging,  annealing, 
grinding,  cutting  hardening,  and  tempering.  'J'hey"  have  three 
distinguishing  features,   viz.,   length,  kind  ^or  name,  and    cut  or 


C 
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coarseness  of  teeth.  Length  is  measured  from  the  heel  A  to  the 
point  B,  Fig.  46  ;■  the  tang  C  not  being  included.  These  lenoths 
vary  from  three  inches  to  twenty  inches.  " 

_  There  are  many  kinds  manufactured,  those  in  common  use 
being  the  flat  (A),  hand  (Bj,  wanling  (C).  square  ( D),  three 
square  or  triangular  (E  ).  half  roun.l  (  F ).  and  round  (dl  .actions 
ot  wliieli  are  shown  in  Fig.  47. 

The  cut  of  files  is  in  two  styles,  single  and  double  ;  and  each 
«tyle  has  several  grades  of  coarseness,  viz.,  coarse,  bastard,  second- 
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cut,  sinooU.,  iti.d  dead  smoolU.  The  last  two  grades  are  soiue- 
tiiues  called  line  and  sui.erfu.e.  As  is  shown  in  Fig.  48,  the 
coarseness  of  each  style  varies  with  the  length  -  the  h.nger  the 
file  the  coai'ser  the  cut. 

If  the  cutting  surface  of  a  fde  were  iierfoctly  Ihit,  the  niun- 
ber  of  teeth  or  cutting  points  engaged  with  the  work  would 
depend  on  U.e  width  of  the  file  and  the  width  of  the  piece  knig 

filed.  To  force  as  many  cut- 
ting points  as  would  be  con- 
tained in  such  a  large  area 
deeply  enough  into  the  metal 
.  .rrf>»>.»»~.~.^     to  enable   each   to  remove  its 

>t»xs,v.\-.w.-.VA'.wl  gij.^j.g  „f  tije  stock,  would   be 

^'S-  *^-  beyond  the  ^xiwer  of  the  man 

pushing  tlie  file.  To  avoid  this  necessity  for  great  pressure,  files 
are  usually  "bellied"  or  made  slightly  convex  in  the  direction 
of  their  length,  so  that,  theoretically,  the  file  and  the  work  are 
in  contact  only  on  a  line  as  long  as  the  width  of  the  file.  This 
enables  the  fde  to  be  forced  into  the  metal  sufficiently  for  the 
teeth  to  bite,  and  thus  avoids  dulUng  the  teeth,  which  always 
oocura  when  the  file  is  allowed  to  gUde  over  the  work  without 
sutlicient  cutting. 

This  convexity  of  files  also  serves  another  purpose.  The  pres- 
sure applied  to  the  file  to  make  it  bite  bends  the  file  more  or  less 
(see  Fig.  49),  and  if  the  file  in  its  natural  state  were  perfectly 
flat,  when  cutting  it  would  be  concave  ;  and  this  would  prevent 
the'production  of  a  flat  surface.  It  would  cut  away  at  the  edges 
of  the  work  and  leave  a  convex  surface.  Such  files  might,  how- 
ever, be  used  on  convex  surfaces. 

Work  for  filing  is  usually  held  in  a  vise  such  as  has  already 
been  described,  and  under  ordinary  circumstances  the  surface  of 
the  work  should  be  about  the  height  of  the  elbow.  For  fine  work 
with  small  files,  where  close  observation  is  of  more  importiince 
than  pressure  on  the  file,  the  work  should  be  higher  than  this,  the 
height  increasing  with  the  refinement  of  the  work.  On  the  other 
hand,  for  very  heavy  filing,  where  great  pressure  is  absolutely 
necessary,  the  work  should  be  several  inches  below  the  point  of 
the  elbow,  so  that  the  weight  of   th«  body  may  be  used  to  good 
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advantage,  ami  also  because  the  workiuau  naturally  stoops  a  little 
when  exerting  great  pressure  on  the  file. 

The  luuidles  commonly  attiiched  to  files  are  made  of  wood 
and  are  made  to  fit  the  hollow  of  tlie  hand.  They  are  driven  onto 
the  tang  of  the  file  ;  a  ferrule  ou  tlie  handle  preventing  it  horn 
splitting.  Care  should  be  takeu  to  have  the  axis  of  the  handle 
parallel  witli  tlie  file.  A  good  way  to  prepare  the  handle  for  the 
fcmg  is  to  heat  the  tang  to  a  dull  red,  the  file  proper  being  kept 
cool  by  a  piece  of  wet  waste,  and  the  hole  in  the  handle  biu-ned 


out  until  the  tang  is  almost  in  the  position  it  is  designed  to 
finally  occupy.  After  coolmg  the  tang,  very  little  driving  A\ill  be 
required  to  securely  fasten  the  handle  to  the  file. 

When  filing  surfaces  of  such  size  that  the  handle  as  ordina- 
rily applied  would  interfere  with  the  use  of  the  file,  tlie  tang  may 
be  bent  up  to  an  angle  so  that  the  handle  will  clear  the  surface. 
Various  forms  of  holders  are  used  for  filing  under  these  circum- 
stiuices ;  the  simplest  forms  being  shown  in  Fig.  50. 

The  correct  position  for  filing  is  about  as  follows  :  feet  about 
eight  inches  apart  and  at  right  angles,  the  left  foot  being  in  line 
witli  the  file ;  sbind  back  from  the  vise  so  that  the  body  may  fol- 
low the  file  slightly;  grasp  the  file  handle  with  the  right  hand, 
fingers  below,  thumb  on  top  of  the  handle ;  for  coarse  filing,  place 
the  ball  of  the  thumb  of  the  left  hand  on  the  point  of  the  file ;  for 
fine  filing  grasp  the  point  of  the  file  with  the  thumb  and  fore- 
finger of  the  left  hand.  See  Fig.  51.  When  holding  the  file  in 
one  hand,  as  is  often  done  in  light  work,  the  forefinger  should  l^e 
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on  top  of  the  file  pointing  in  the  direction  of  its  length,  as  is 
sliown  in  Fig.  52.  This  allows  free  niovenicnt  of  tlie  liiind  and 
wiist,  pressure  heing  applied  principally  l>y  the  forefinger. 

As  file  teeth  or  cutting  edges  point  toward  the  end  of  the 
file,  it  is  evident  that  the  file  can  cut  only  when  moving  in  a  for- 
ward direction.  On  the  return  stroke,  tlie  pressure  should  he  re- 
lieved; otherwise  the  teeth  will  he  dulled  wiien  drawn  hack  over 
the  surface. 

Tiie  kind  of  metal  being  worked  determines  in  a  great  meas- 
ure the  character  of  the  file  to  he  used.  Cast  iron,  especially  if 
the  scale  has  not  been  previously  removed,  is  particularly  liard  on  a 
new  file,  as  the  glassy  character  of  the  scale  tends  to  dull  the  cutr 
ting  edges.  New  files  should  never  be  used  on  sucli  a  surface. 
It  is  found  that  on  tool  steel,  and  hard  uuiterials  generally,  a  sec- 
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ond-cut  file  is  lietter  than  the  bastard.  This  is  because  If  pressure 
enou-h  is  exerted  to  cause  the  coarse  teeth  of  the  basfavrd  U.  h.te 
into  the  .vork,  the  teeth,  being  comi.anitively  long,  are  veiy  likely 
to  be  broken  off.  In  the  second-cut  file,  the  teeth  are  shorter  and 
present  more  cutting  points  in  a  given  area;  thus  preventing 
excessive  duty  being  imposed  on  a  few  teeth.  • 

Softer  metals,  such  as  brass  and  bronze,  allow  the  use  of 
the  coarser  grades. 

The  particles  of  metal  removed  by  a  file  frequently  remain  m 
the  teeth  and  diminish  their  cutting  qualities.  In  the  case  of  hard 
metals  these  particles,  or  "  pins,"  often  scratc'h  the  work.  It  is 
necessarv,  therefore,  that  files  be  frequently  cleaned.     This  may 
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be  done  in  a  nieasuie  by  striking  the  edge  of  the  file  liglitlj- 
ag-ainst  the  bench  or  vise,  but  it  is  more  effectually  perfonned  by 
using  a  stiff  brush  or  a  piece  of  card  clothing  (Fig.  53).  In  tiie 
finest  grades  of  files,  a  thin  piece  of  wood  or  sheet  brass  mav  be 
drawn  across  the  surface  of  the  file  as  shown  in  Fig.  51,  and  the 
tiUngs  are  removed  by  the  points  extending  into  the  file  teeth. 

When  filing  cast  iron,  neither 
the  file  nor  the  work  should  be 
allowed  to  become  greasy,  as  this 
tends  to  make  the  file  slide  with- 
out cutting.  In  filing  steel,  how- 
ever, if  the  file  be  oiled  or  filled 
with  chalk,  the  pinning  of  the  file 
is  prevented  in  a  large  degree, 
:  nd  frequent  use  of  the  caitl  or 
brush  is  not  necessary. 

What  is  known  as  drawfiling 
is  done  by  grasping  the  file  at  each 
end  and  mo^^ng  it  sidewise  across 
the  work.  (See  Fig.  55.)  The 
amount  of  stock  removed  by  this  .  _ 

process  is  usually  very  small,  the 
object  being  to  lay  the  file-marks  Pi„  5^ 

parallel  to  the  length  of  the  work. 

Single-cut  files  are  better  than  double-cut  for  this  j)urix)se,  being 
less  likely  to  scratch  the  work.  The  remarks  concerning  cleaning, 
oiling,  and  chalking  apply  both  to  cross-filing  and  draw-filing. 

Ho  matter  how  carefully  filing  is  done,  it  does  not  leave  a 


surface  that  is  pleasmg  to  the  eye,  the  file-marks  are  more  or 
less  u-regular  and  the  whole  surface  is  dull.  Exposed  parts  of 
machines  which  are  not  painted  are  usually  polished.     Polishing 
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does  not  improve  tlie  surface,  but  simply  biiglit«ns  it  and  renders 
it  more  attractive.  As  a  rule,  a  polislied  surface  is  not  a  true 
surface,  no  care  being  taken  to  maintain  its  truth.  In  ordinary 
machiue  work  polislnng  is  usually  done  by  abrasives,  such  as 
emery,  corundum,  and  carV)orundum,  while  rouge,  crocus,  rotten- 
stone,  and  tripoli  are  used  on  fine  work,  especially  on  brass  and 


Fig.  53. 

composition.  Emery,  for  example,  is  crushed  and  sorted  into 
grades  varying  from  No.  8  to  flour,  tlie  number  of  the  grade 
rndicating  the  nundjer  of  meshes  per  inch  in  the  sieve  used  in 
sorlin<T.  These  grades  sometimes  bear  arbitrary  designations, 
No.  1  "indicating  a  coar.se  grade  and  No.  0,  00,  000,  0000  showing 
the  finer  grades.  These  powders  are  sometimes  mixed  with  oil 
and  applied  directly  to  the  work  by  wooden  blocks  or  clamps  -,  but 


the  more  common  method  is  to  use  what  is  known  as  emery  clr.th, 
the  grains  beuig  glued  to  a  strong  cloth  backing.  The  finer  grades 
are  used  on  paper  in  the  same  manner. 

Emery  cloth  is  used  in  many  ways ;  it  may  be  wrapped 
around  a  file ;  folded  or  tacked  to  a  block  of  w  ood ;  glued  to 
wooden  sticks  about  15  inches  x  U  inches  x  4  inch,  fastened 
around  rollers  for  internal  curves,  or  glued  to  wooden  or  steel 
disks  and  rotated  in  a  lathe  or  special  machine.  In  all  cases  the 
object  is  to  grind  do^\•n  the  surface,  using  a  sufficient  number  of 
grades  of  cloth   to  produce  the  degree  of  polish  desired.     The 
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marks  are  laul  pa.allel  to  each  other,  making  wiut  is  know,  as 
a  -gr.nn.  A\  h.n  the  process  is  to  be  carried  to  sucli  an  extent 
that  no  gram  is  to  be  visible,  the  liiier  polishing  agents  are  used 


Pig.  55. 

usudly  applied  with  a  cloth  wheel  or  « lap."'     Old  cloth  does  finer 
«oik  than  new,  and  oil  on  the  cloth  will  make  a  finer  cut 

Scraping      When    two   fiat  or  cm^ved   surfaces   are    to   Lo 
v^o  ked   together,  and  complete  contact  over  the  whole  or  both 

linH'  ;  r''  '"'r^^^^'-  «--Pi"g  i-Hoves  less  metal  than 
hl.ng,  and  also  enables  the  workman  to  confine  the  removal  to 
l".nted  areas.  The  scraper  should  be  n.ade  fron.  a  ver;  close 
granted  tool  steel,  and  is  nearly  two  feet  long  exclusive  o    the 


Fig.  56. 


edge  ,.  about  ^,  of  an  mch  thick  and  1.!-  inches  wide.  It  is 
ground  on  an  emery  wheel  and  grindstone,  and  carefully  oilstoned 
leavmg  the  cutting  edge  as  straight  as  possible.  Scrapers  are' 
son.etn„es  made  from  ol.l  files,  the  teeth  being  ground  off'and  th 

angles  to  he  shank,  as  shown  in  Fig.  57.  The  cutting  done  by 
scrapers  should  be  perfectly  smooth  and  free  from  scratches 
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Ill  using  tlie  surface  plate  as  a  test  for  the  truth  of  a  plane, 
such  as  a  valve  or  its  scat,  the  plate  is  covered  with  a  wvy  thin 
coating  of  red  lead  and  thcn'rubbed  over  the  valve  or  seat.  Tlie 
latter  should  liave  previously  been  finished  as  smoothly  as  possible. 
The  spots  where  tlio   red  lead  shows  cont.ct  are  scraped  olf,  and 


C^=djC 


the   Tiroccss  continued  until  contact  over    the  entire    surface    is 

obtained.     During  the  last  jiart  of  tlie  operation  alcohol  should  be 

used  instea<l  of  red  lead,  as  it  leaves  clean  bright  spots  to  indicate 

where    the    scraper   must   be  applied. 

Small  pieces  of  work  are  rubbed  over 

the  surface  plate,  and  in  any  case  care 

should  be  taken  to  distribute  the  wear 

nnifornily  over  tiie  plate  in  order  to' 

prolong  the  truth  of  the  plane.     The 

scraper  for  concave  sui-faces,  such  as 

^     ^-~___-^      V.      boxes,  is  of    the   general   shape  of   a 

)  V     balf-nmnd  file  without  teeth.     In  such 

cases,  the  shaft  to  l)e  used  takes  4;he 

^'S-  58.  place  of  a  surface  {ilate.     The  method 

of  holding  and  using  such  a  scraper  is  shown  in  Fig.  68. 

Scraping  is  sometimes  done  as  a  matter  of  finish,  and  not  for 
the  purpose  of  getting  an  accurate  surface.  Therefore,  a  sci'aped 
surface  does  not  always  indicate  accuracy.  Many  machine  parts 
are  more  cheaply  finished  by  scraping  tiian  by  polishing. 


DRILLS. 


Drills  are  of  two  general  classes,  the  flat  and  the  twist.  A 
flat  drill  of  a  common  type  is  shown  in  Fig.  50.  The  angle  be- 
tween the  two  cutting  edges  should  be  about  110°.     These  drills 
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are  usually  made  hoin  rouail  tool  steel  drawu  out  wide  aid  thin, 
as  shown;  the  undressed  end  being  used  for  holding.  The  flat 
drill  is  usually  made  in  the  slioj)  where  it  is  to  be  used.  Its  low 
first  Cfist  is  the  principal  reason  for  its  existence. 

Flat  drills  made  from  thin  flat  stock  are  used  in  connection 
with  a  slotted  rest  to  start  and  drill  holes  in  tho  lathe  without 


vx 


Fig.  59. 


p^e^^o^s  centering.     They  are  called  chuck=drills.     The  end  of 

the  shank  of  the  drill  is  pro\'ided  with  a  center  hole  to  receive  the 

dead  center  of   the  niaelune. 

The  diill  and  rest  are  shown  fj^^ 

in  Fig.  60,  W 

The  simplest  form  of 
twist  drill  is  cylindrical 
tbrougliout  its  entire  length, 
as  shown  in  Fig.  61,  and  has 
two  spiral  flutes  which  at 
the  end  serve  to  form  the 
cutting  lips,  and  which  also 


Fig.  GO. 


serve  to  carry  the  chips  from  the  hole.  The  included  angle  of 
the  lips  is  118^  This  form  of  drill  will  work  more  accurately 
than  the  flat  drill,  as  the  cylindrical  portion  serves  as  a  guide 
to  keep  the  cutting  lips  in  their  j.roper  position.  The  edge  beino 
somewhat    hooking,    removes    the   metal    by   a   cutting '^instead 
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of  a  scraping  action  as  in  tlic  flat  drill.  Tliis  form  of  drill  cannot 
only  be  fed  faster,  but  can  be  forced  into  the  workwitli  less  power, 
as  it  lias  a  tendency,  esjiecially  noticeable  in  soft  metals,  to  feed 
itself  into  tbe  work.     Straiprlit  shank  (wist  drills  arc  made  from 


Fig.  CI. 

.0135  inch  to  2i  inches  in  diameter;  the  smaller  sizes  are  sold  in 
sets  designated  by  nnndjers  (1  to  80),  letters  (A  to  Z)  or 
fractional  sizes  (J  inch  to  -^g  inch). 

The  taper-shank  twist  drill  is  shown  in  Fig.  G2.  It  consists 
.if  a  body  A,  which  is  fluted  and  does  tlie  actual  work,  and  a  taper 
shank  B,  by  wliich  it  is  held.  This  tiiper  fits  accurately  into  the 
spindle  or  chuck  of  the  drill  press.  At  the  end  there  is  a  tongue 
C,  which  shi>s  into  the  key  way  in  the  spindle  or  chuck.     As  this 


Fig.  (!2. 

surface  is  flat,  it  serves  as  a  beaiing  by  whicli  the  drill  is  driven. 
This  relieves  the  tajjered  portion  from  tlie  stress  of  driving  by 
fiictional  resistance  alone.  For  small  drills  this  frictional  resist- 
ance is  suflicient,  but  for  larger  sizes  it  will  not  do  at  all.  If  for 
any  reason  the  tongue  should  become  broken,  no  dependence 
should  be  placed  upon  the  frictional  resistance  of  the  taper  shank 
to  drive  the  drill.  The  diill  will  slip  and  wear  the  socket,  which 
will  become  enlarged  and  make  a  misfit  for  other  diills 

The  standard  taper  for  drill  shanks  may  be  considered  to  be 
what  is  known  as  the  Morse.  This  taper  is  |  inch  to  the  foot. 
There  is  another  known  as  the  Brown  &  Sharpe  or  Jarno  wliich 
has  a  tai)er  of  -^^  inch  to  the  foot.  No  attempt  should  be  made  to 
run  the  drills  of  one  taper  in  the  sockets  of  the  other. 

A  flat  taper  key,  introduced  into  the  key  way,  engages  the 
end  of  the  tongue  and  serves  to  remove  the  drill  from  the  spindle. 
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Drills  of  cylindrical  form  are  also  made  with  straight  flutes 
as  shown  in  V\g.  63.  The}'  are  used  for  drilUng  soft  metals,  such 
as  brass,  especially  when  the  drill  passes  entirely  through  the 
piece.  .Vs  it  hreaks  through  the  luetal,  a  drill  with  spiral  flutes 
tends  to  draw  itself  through  rapidly,  as  if  it  were  a  screw  work- 


3 


ing  in  a  nut.  This  may  break  the  drill  or  move  the  work  from 
position.  Straight  flutes  give  the  same  cutting  action  as  a  flat 
drill  and  avoid  tliis  tendency  to  draw. 

Lubrication  of  Drills.  When  drilling  tough  metiils  such  as 
steel,  wrought  and  malleable  iron,  heat  is  generated  by  the  heading 
or  changing  of  the  form  of  the  metal  being  removed  and  by  friction 
caused  by  the  chips  mo\-ing  over  the  lips  of  the  drUl.  The  heat- 
ing is  similar  to  the  heating  of  a  piece  of  wire  bent  quicklj'  back 
and  forth.  As  there  is  danger  of  heating  the  drill  to  a  tempera- 
ture that  \\ill  draw  the  temper  and  soften  the  drill,  plenty  of  lard 


oil,  or  a  mixture  of  potash  and  water,  should  he  used.  This  is 
not  so  much  for  lubrication  as  to  remove  the  heat. 

Copper  is  the  most  difficult  to  drill  of  idl  the  common  metals 
on  account  of  its  extreme  toughness ;  then,  too,  copper  heats  to  a 
higher  temperature  on  account  of  its  low  specific  heat.  Brass 
does  not  require  the  use  of  oil,  and  cast  iron  must  always  be 
drilled  dry.  Particular  attention  is  called  to  this  precaution  re- 
garding cast  iron. 

As  the  heat  is  produced  at  the  point  of  the  drill,  it  is  desira- 
ble, particularly  in  the  case  of  deep  holes,  that  the  oil  be  applied 
directly  at  the  drill  point.  For  this  -purpose,  oil-tube  drills,  such 
as  is  shown  m  Fig.  64,  are  used. 

The  oil  is  supplied  under  pressure,  and  not  only  removes  the 
heat,  but  also  carries  away  the  chips. 
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Speed  of  Drills.  The  speed  atAvliich  drills  should  be  rotated 
depends  on  tlic  dianictiT  uf  the  drill  and  the  material  o^jerated 
upon.  No  absolute  rule  can  be  given  for  any  one  metal  or  diam- 
eter of  drill,  because  of  the  variation  in  hardness' and  tenacity  of 
the  material  and  the  condition  of  the  cutting  edge  of  the  drill. 
The  following  table  of  revolutions  per  minute,  given  by  the 
Cleveland  Twist  Drill  Co.,  is  based  on  a  peripheral  speed  of  30 
feet  a  minute  for  mUd  steel,  35  feet  per  minute  for  iron,  and  60 
feet  per  minute  for  brass. 


Fig.  03.  Fig.  66. 

The  rate  of  feed  also  depends  on  the  drill  diameter  and  the 
material.  The  above  mentioned  authority  gives,  as  a  niaxiimim, 
one  inch  of  feed  for  95  to  125  revolutions. 

Grinding  Drills.  Great  care  should  be  exercised  in  the  grind- 
ing of  drills.  T\\e  end  of  a  drill  should  be  symmetrical ;  that  is,  the 
lips  should  be  of  the  same  length,  and  form  the  same  angle  with 
the  axis.  If  the  lips  are  of  unequal  length,  the  hole  will  be  larger 
than  the  drill,  as  is  shown  in  Fig.  65.  The  point  is  not  in  the 
axis,  and  the  hole  will  not  only  be  large  but  also  will  not  be 
parallel  to  the  drill  spindle.  If  the  lips  do  not  form  equal  angles 
with  the  axis,  all  the  cutting  will  devolve  upon  the  one  making 
the  greater  angle  as  shown  in  Fig.  66.  Such  a  drill  will  not  cut 
as  fast  as,  and  will  become  dull  sooner  than,  one  which  is  properly 
ground. 
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I land-griiuling,  especially  of  twist  drills,  is  neither  accurate 
nor  satisfactory ;  it  is  nuich  Letter  t,.  ,Iu  such  work  on  a  regular 
drill  gi'inder  built  especially  for  the  puipose. 


SPEED   OF   DRILLS. 
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While  grinding,  care  must  always  be  exercised  that  the  cut- 
ting edge  IS  not  overheated  on  the  stone  or  emery  wheel  If  it  is 
overheated,  the  temper  will  be  drawn  and  the  drill  become  too 
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soft  ti>  {iiiipeM-l}-  do  its  work.  The  angle  hetween  the  front  face  o< 
the  (hill  ami  the  holtoni  of  the  \i\)  may  he  from  70  to  80  degrees. 
This  will  give  ample  clearanee  for  the  hottom  of  the  drill  and 
leave  sutlicient  metal  to  support  the  cutting  edge. 


REAMliRS. 

It  is  dilHicidt,  if  not  quite   iiiipossihle,  to  drill  a  iiole  to  an 
e.vact  nominal  diameter.     Kor  most   work,  a   variation  of   a  few 


^ 


hundreilths  of  an  inch  from  the  nominal  dianjeter  is  of  no  a* 
i'ount.  Where  greater  accnraey  is  required  the  holes  are  rearaed; 
that  is  to  say,  the  hole  is  fii-st  diilled  somewhat  smaller  than  it  is 
desired,  and  is  then  reamed  out  to  the  proper  size  with  a  reamer. 
Holes  drilled  with  the  flat  chuck  drill  mentioned  above  are 
usually  r^g  inch  under  the  finish  size.  A  flat  chuck. reamer,  Fig. 
67,  is  used  to  enlarge  the  hole  to  within  about  .005  inch  of  the 
true  size.    This  reamer  is  centered  on  both  ends  and  turned  to  size. 


The  entering  rod,  which  does  the  cutting,  is  given  a  short,  sharp 
taper,  while  the  straight  portion  serves  as  a  guide  to  keep  the  tool 
in  position.  By  this  means  the  drilled  liole  is  straightened  and 
brought  close  to  size. 

To  give  the  hole  a  smooth  surface  and  correct  diameter,  a 
fluted  reamer  (of  which  there  are  various  forms)  is  used.  This 
tool  is  not  intended  to  remove  large  amounts  of  metal,  but  serves 
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only  to  increase  tlie  size  of  a  hole  by  a  siiiall  fiaetion  of  an  inch 
up  to  the  diameter  required.  The  hole  should  not  be  more  than 
g>j  inch  smaller  tiian  the  reamer;  this  will  leave  j\^  inch  on  each 
side  for  the  reamer  to  cut.  If  possible,  it  will  be  better  to  drill 
the  hole  even  nearer  than  this  to  the  required  diameter. 

It  is  evident  that  if  the  reamer  were  to  be  made  of  the  same 
diameter  throughout,  its  whole  length,  it  would  be  very  difficult 


Fis.  fio. 


Fig.  70. 


to  make  it  enter  the  hole.  In  oider  to  facilitate  this,  it  is  usually 
made  slightly  tapering,  for  a  distance  from  the  entering  end, 
equal  to  about  one  diameter. 

One  form  of  reamer  has  a  sliallow  screw  thread  cut  at  the 
entering  end.  This  thread  takes  hold  of  the  metal  and  draws 
down  into  the  work.  When  using  a  reamer,  it  is  always  well  to 
pass  tlie  entire   tool  through  the  hole.     The  leading  end   is  sub- 


Fig.  71. 


jected  to  the  greatest  amount  of  wear  because  it  does  the  greatest 
amount  of  work.  If,  therefore,  only  the  leading  end  is  put  through, 
the  hole  will  not  be  of  a  uniform  diameter  throughout.  Oil  should 
always  be  used  on  reamers  when  they  are  working  in  wrought 
iron  or  steel. 

The  hand  reamer.  Fig.  G8,  is  the  typical  form,  and  one  which 
can  be  used  in  many  cases  in  place  of  special  forms.  Fig.  69  is 
better  adapted  for  use  in  the  lathe  than  the  hand  reamer."  Thip 
may  follow  the  Hat  chuck  reamer  to  finally  finish  a  hole. 
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In  reaming  cored  lioles,  the  cylindrical  chnck  reamer,  soma- 
times  called  the  rougliiiig  reamer,  is  often  used.  It  is  made  either 
rose,  Fig.  70,  fluted,  or  with  three  spiral  flutes.  Fig.  71,  and  gene- 
rally have  solid  shanks.  The  last-named  style  will  finish  veiy 
smooth  and  close  to  size  when  started  true  by  preliminary  boring. 

A  solid  reamer  cannot  be  sharpened  without  reducing  its  di- 
ameter; therefore,  it  must  be  used  carefully  in  order  to  prolong 


Fig.  72. 
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its  life.  Reamers  with  adjustable  blades  meet  this  objection,  but 
cost  much  more  tliau  the  solid  form.  An  expanding  reamer.  Fig. 
72,  can  be  slightly  enlarged  to  compensate  for  grinding,  and  is  then 
used  as  a  solid  reamer.  Fig.  73  shows  an  adjustable  reamer  w  ith 
inserted  teeth. 

Reamers  are  made  for  tapered  as  well  as  for  stmight  holes. 
The  angle  varies  with  the  intended  use  of  the  tajier;  for  example, 


« 


Fig.  73. 


the  locomotive  taper  of  Jg  inch  per  foot  is  intended  for  bolt  hole.'* 
where  })lates  are  to  be  drawn  solidly  together  and  the  lioles  com- 
pletely filled.  It  is  very  difficult  to  remove  a  bolt  from  a  hole 
with  such  a  slight  taper.     When  pieces  are  pinned  together,  such 
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as  a  hub  to  a  shaft,  it  is  intended  tliat  tliey  can  be  separated  when 
desired,  so  the  taper  is  made  steeper,  generally  j^  inch  per  foot.  This 
has  come  to  be  known  as  the  jyiti  taper.  Taj)ei'  holes  for  holdino- 
lathe  centers  and  taper  shank  twist  drills  ai-e  generally  made  ^  inch 


Fig.  74. 

per  foot  (the  Morse  taper).  This  angle  holds  the  tool  firmly,  and 
still  it  can  be  easily  removed.  The  three  tapers  mentioned  are 
recognized  as  standard,  and  reamers  for  them  are  carried  in  stock. 
Of  course  many  other  tapers  are  used  by  different  manufacturers, 
but  they  are  regarded  as  special.     Fig.  74  shows  taper  reamers. 

Taper  reamers  differ  from  hand  reamers  only  in  the  angle  and 
by  not  requiring  the  tapered  entering  end. 

Holes  to  be  reamed  by  taper  reamers  must  be  slightly  larger 
than  the  small  end  of  the 
reamer;  and,  if  the  hole  is 
deep,  it  is  usual  to  make  a 
stepped  hole,  shown  exagger- 
ated in  Fig.  To,  by  using  drills 
of  different  diameters. 

When    not    carefully 
sharpened,  all  forms  of  ream-  ^'S-  ~'^- 

ers  have  a  tendency  to  chatter 

and  produce  rough  surfaces.  To  avoid  this,  the  flutes  are  fre- 
quently irregularly  spaced;  another  method  is  to  use  spiral 
flutes,  usually  left-hand. 


TAPS. 


When  internal  thread  cutting  is  done,  the  tool  is  called  a  tap. 
Tliere  are  many  styles  of  taps;  the  names  in  some  cases  are  sug- 
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gested  from  the  shape,  but  more  often  from  tlio  use.  In  most 
machine  shops  are  found  tlio  following  forms:  hand,  machine 
screw,  pijie,  pulley,  stay-holt,  boiler,  and  tapper;  of  these  the  hand 
and  machine  screw  are  the  most  common.  The  object  of  all  is  to 
make  spiral  grooves,  called  threads,  in  holes,  so  that  they  may 
receive  and  hold  screws,  bolts,  studs,  etc. 

As  the  size  of  a  tap  is  the  diameter  outside  the  threads,  it  is 
evident  that  the  hole  drilled  for  tapping  must  be  smaller  than  the 


Fig.  7 


tap  by  nearly,  if  not  quite,  twice  the  depth  of  the  thread.  The 
shape  of  the  thread  partly  determines  the  amount  to  be  subtracted 
from  a  tap  diameter.  There  are  now  recognized  as  standard, 
five  different  threads,  viz.:  sharper  Y,  Franklin  Institute  or  United 
States  standard,  "Whitworth,  International  or  metric,  and  the  29" 
or  Acme.  These  shapes  will  be  described  and  compared  under 
Screw  Cutting.  The  following  table  shows  the  diameters  of  the 
holes  that  are  to  be  drilled  for  cutting  the  various  sizes  of  the 
threads  according  to  the  United  States  standard  and  the  ordinary 
V- thread. 
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Hand  Unps  are  most  coiniuouly  used  iu  shop  practice,  and  a 
descnptii)n  of  the  operatiou  will  answer  for  all  st\les.  They  are 
usually  sold  in  sets  of  three,— taper,  ping,  and  bottoming.  «ee 
Fig.  70. 

The  cutting  of  a  thread  with  a  tap  is  not  difficult,  but  requires 
care  in  the  manipulation.  The  t;ip  does  not  need  to  be  forced 
into  the  work,  since  the  thread  will  draw  it  forward.     The  taper- 
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ing  of  the  tap  has  a  two-fold  effect.  No  one  thread  must  do  all 
of  the  work  hi  the  removal  of  the  metal ;  each  succeeding  thread 
removes  a  small  amount  until  the  full  thread  has  entered  the  hole. 
The  second  effect  is  that,  as  in  the  cases  of  a  reamer,  the  tap  is 
ea.sily  entered  and  started.  Care  must  always  be  exercised  at  tiiis 
point  of  the  work.  The  taper  of  the  tap  allows  it  to  easily  enter 
the  hole,  and  also  makes  it  possible  for  it  to  enter  at  an  angle.      If 
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it  is  started  in  the  latter  condition,  the  thread  will  not  be  at  right 
anirles  to  the  surface.  The  degree  of  care  needed  in  the  starting 
of ''the  tap  depends  upon  the  job  that  is  to  be  done.  In  the  case 
of  tapping  a  nut,  it  will  usually  be  quite  sutKcient  to  set  the  tap 
by  the  eye.  In  finer  classes  of  work,  however,  the  tap  should 
be  set  with  a  square.  Start  the  tap  into  the  hole,  and  place 
a  square  on  the  surface  beside  ;it  in  two  positions  at  right  angles 
to  each  other,  and  see  that  the  tap  stands  parallel  to  the  vertical 

blade. 

When  holes  have  been  drilled  that  are  to  be  tapped,  a  good 
way  of  setting  the  tap  is  to  put  a  center  in  the  drill  spindle.  Put 
tlie  tap  into  the  hole,  and  bring  this 
center  down  into  the  center  hole  in  the 
head  of  the  tap;  this  will  steady  the 
latter  while  it  is  being  started. 

In  using  the  tap,  it  is  well  to  work 
it  back  and  forth.  This  allows  the 
chips  to  work  clear  of  the  cutting  edges, 
and  the  oil  to  cover  them.  In  case  of 
heavy  work,  it  is  possible  to  drive  the 
tap  with  the  -drill  spindle,  but  when 
thus  driving  a  tap  in  a  machine,  the 
backing  up  is  impossible. 

Sometimes  a  thread  is  to  be  cut  down  to  the  bottom  of  a 
hole  that  does  not  pass  entirely  through  the  metal.  In  this  case 
the  bottoming  tap  is  used.  This  is  a  tap  that  is  not  tapered  at 
the  entering  end.  The  method  of  working  is  to  first  cut  the 
thread  as  far  as  possible  with  the  plug  tap,  and  then  use  the  bot- 
tomintr  tap,  which  will  then  enter  easily  and  can  be  driven  to  the 

bottom. 

Machine  tapping  is  best  done  by  using  a  frictional  tap- 
holder;  that  is,  one  in  which  the  friction  is  enough  to  cut  the 
threads,  but  which  will  slip  when  the  tap  strikes  the  bottom  of 
the  hole.  This  will  insure  the  hole  being  tapped  to  the  hot- 
torn,  and  avoid  all  danger  of  breaking  the  tap.  To  withdraw  the 
tap,  the  machine  is  reversed,  usually  at  a  higher  speed  than  used 
in  tapping. 

When  tapping  wrought  iron  and  steel,  a  plentiful  supply  of 
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oil   slioiild    he  used.       On  brass  the  use  of   oil   is  unnecessary, 
wliile  c-ast  iron  slioulil  always  be  tapped  dry. 


DIES. 

Dies  are  n.scd  for  t-utting  threads  on  bolts  and  other  siniihii 
parts  to  be  placed  in  holes  which  have  been  threaded  by  taps. 


Fig.  78. 

The  general  rules  given  for  the  use  of  taps  apply  to  dies.  As  the 
number  of  threads  iu  a  die  is  much  less  than  on  a  tap,  and  be- 
cause the  chips  have  a  much  freer  exit,  it  is  not  as  necessary  to 
back  up  a  die  as  it  is  a  tap. 

Dies  for  small  work  are 
usually  made  solid,  as  shown 
in  Fig.  77,  and  often  have  a 
shght  adjustment  for  altering 
the  size.  They  cannot  be 
sharpened,  but  have  an  ad- 
vautiige  in  readily  centering 
on  the  work.  As  the  full 
thread  is  cut  at  one  passage 
of  the  die,  it  takes  consider- 
able porter  to    operate   solid 

dies  of  large  size.  For  this  reason,  hand-operated  solid  dies  are 
seldom  used  above  one-half  inch.     The  holder  or  die  stock  shown 
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in  Fig.  78  has  a  guide  to  hold  the  work  at  right  angles  to  tlie 
die,  but  die  stocks  are  often  made  without  this  convenience. 

The  split  form  of  die,  generally  known  as  the  janilMlie 
(  shown  in  Fig.  79  ),  can  be  easily  shar|)ened,  lias  inilimited  ad- 
justment for  size,  and  cuts  the  thread  Ijy  easy  stages,  as  it  were. 


It  is  made  in  .sizes  up  to  two  inches,  and  is  for  liaud  nperatirxi 
only.  The  Ijolder  for  this  form  of  die  is  called  a  screw  plate, 
Fig.  80.     These  are  not  furnished  with  guides  for  the  work. 

Cutting  Pipe  Threads.      Another  comnicm  form   of  thread 
cutting  is  that  on  wrought-iron  pipe.     The  pipe  thread  is  rounded 
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slightly  at  top  and  bottom,  and  is  made  tapeiiiig  at  the  rate  of 
thive-qiiaiters  of  an  incli  2>er  foot.  The  dies  are  usually  solid, 
square   in  form,  and  the    die   stocks  are  provided  with  a   ring, 


Fig.  80. 

which  fits  over  the  ]ii\)e  and  serves  to  liold  it  square  with  t]\v  die. 
Tliis  avoids  the  danger  of  cutting  the  thread  at  an  angle  witli 
the  pipe  axis. 


Conijiaratively  little  thread  cutting  is  done  I)y  hauil.  A  large 
proportiou  of  all  such  work  is  performed  on  bolt-cutters.  This 
is  ordinarily  the  roughest  and  cheapest  class  of  work,  and  the  run- 
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ning  of  the  bolt-cutter  is  usually  tho  first  work  to  which  the 
apprentice  is  assigiieil. 

Bolt'Cutter.  An  ordinary  type  of  ijolt-cutter  is  shown  in 
Fig.  81.  The  dies  are  held  in  the  head  A.  Instead  of  being 
solid,  as  in  Fig.  77,  they  are  made  in  sections,  and  can  be  opened 
or  closed  by  the  movement  of  the  lever  B.  A  chuck,  ( ',  is  placed 
on  a  traveling  head,  and  this  can  be  moved  l)ack  and  forth  by  the 
hand- wheel  D.  The  method  of  working  is  very  simple.  The 
dies  in  the  head  are  closed  in  order  to  be  in  the  working  position. 
The  bolt  to  be  cut  is  gripped  in  the  chuck  by  turning  the  handle 
E,  and  forced  against  the  dies  by  the  handle  T).  As  soon  as  the 
dies  have  taken  hold,  they  draw  the  bolt  ahead.  When  a  suffi- 
cient length  of  thread  lias  been  cut,  the  dies  are  opened  and  the 
bolt  withdrawn.  This  avoids  the  necessity  of  backing  out,  as 
would  be  required  if  the  dies  were  solid.  AVhile  the  thread  is 
being  cut,  the  dies  are  kept  flooded  with  oil. 

Templets.  AVhere  the  same  piece  of  work  is  to  be  many 
times  repeated,  templets  are  used.  This  method  avoids  tho 
necessity  of  making  measurements  in  the  laying  out  of  the  work. 

The  iiiarkliifj  templet  consists  of  a  piece  of  the  same  shape  aa 
the  finished  article.  It  is  usually  laid  on  a  flat  siirface,  and  held 
fast  by  iron  clamps  as  shown  in  I'ig.  82.  The  outline  is  then 
marked  on  the  surface  with  a  scriber,  and  sometimes  emphasized 
by  prick  punch  marks. 

Th.&  Jili n<j  tciajiht  is  of  the  same  character  as  the  one  just  de- 
scribed, but  it  is  hardened.  It  is  clamped  in  the  vise  with  the 
piece  to  be  shaped,  and  the  surface  filed  down  to  coincide  with 
the  form  of  the  templet. 

Where  holes  are  to  be  drilled  in  duplicate,  a  templet  known 
as  &J'kj  is  used.  These  jigs  are  made  so  that  they  tit  over  the  piece 
to  be  drilled,  and,  when  clamped  in  j)Osition,  indicate  the  location 
of  the  holes  by  means  of  hardened  steel  bushings  set  in  tlie 
templet. 

The  making  of  templets  and  jigs  is  one  of  the  finest  branches 
of  the  machinist's  work,  and  is  generally  classed  under  the  iiead 
of  tool  making.  The  rapid  and  economical  production  of  macliiiie 
parts  in  quantity  depends  largely  on  the  tool  maker,  who  must, 
therefore,  be  considered  the  highest  type  of  machinist. 
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PART  11. 

THE  LATHE. 

The  latlie  is  one  of  the  most  ancient  of  tools,  and  is  a  develop- 
ment  of  the  potter's  wheel.  The  spindle  is  horizontal  and  the 
work  is   revolved  while    the    cutting   tool  is  stationary.     lu  ita 


Fiff.  8.3. 


jvarious  forms  and  sizes  it  is  by  far  the  P^ost  important  tool  in  the 
biachine  shop.  It  is  built  in  a  wide  range  of  sizes  from  the  deU- 
Ute  instrument  suitable  for  the  work  of  the  jeweler  to  the  great 
naehiue  capable  of  tui'niug  engine  shafts  for  the  largest  ocean 
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steanishii.s  or  the  rings  foi  the  heavy  ordnance  of  battleships  and 
fortitications. 

Speed  Lathe.  The  small  lathe  used  in  tlie  maclnne  shop  tor 
the  op.'ratu.ns  uf  hand  turning,  Hling,  and  p..lishing  is  called  the 
hand  or  speed  lathe.  Fig.  83.  Tins  type  driven  by  foot  power  is 
i,i  areat  favor  with  amateur  workmen.  While  hand  turning  is 
avoided  as  much  as  possible,  it  cannot  l)e  wholly  eliminated,  and  a 
brief  description  of  the  tools  used  and  the  operations  perfonned 
seems  necessary'. 


Graver. 


The  tools  used  on  brass  and  composition  cut  by  ^  scraping 
action  and  are  almost  always  held  at  or  below  the  center.  The 
three  took  shown  in  Fig.  84  called  the  planisher,  graver,  and 
round  nose,  are  typical  of  all  the  tools  necessary  for  turning  brass. 
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cU.^  Tlio  manner  of  lii.-liling  these  tools  in  conaoction  with  tlie 
T-resfc  is  illustrated  hy  the  planisher  in  Fig.  85.  Fig.  86  shows 
Huother  view  of  the  T-iest.  Typical  hand  tools  for  cutting  iron 
and  steel  are  the  diamond  point  or  graver  and  the  round  nose, 


Fig. 


sho\\Ti  in  Fig.  87.  They  are  used  differently  from  hand  tools  for 
brass,  in  that  the  cutting  edge  is  carried  above  the  center,  and 
the  metal  is  removed  by  cutting  instead  of  scraping.     The  graver 


<2 


q: 


Fig.  87. 


frequently  takes  the  place  of  the  plan'sher,  for  it  can  be  used 
as  shown  in  Fig.  88,  either  on  the  outside  or  on  the  end  of  a  piece 
of  work.  The  round  nose  is  used  solely  for  concave  surfaces 
being  held  as  high  on  the  work  as  proper  cutting  will  allow  ;  Fig 
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89.  The  graver  can  be  used  on  brass  for  a  gi-eat  variety  of  opera- 
tions; but  its  use,  except  in  the  liands  of  an  expert  workman,  is 
atten(h'(l  witii  danger  of  catching  in  tlic  soft  metal  and  tlms 
breaking  tlie  tool  or  spoiling  tlie  work. 


To  make  tlie  iiand  lathe  more  rapid  and  certain  in  operation, 
it  is  frequently  provided  with  a  tool  holder,  called  tlie  slide  I'cst, 
Fig.  00.  This  liolds  the  tool  rigidly  and  guides  it  mechanically, 
so  that  the  work  is  done  more  rapidly  than  with  hand  tools. 
Slide  rest  tools  are  miniatures  of  thos3  used  on  larger  lathes, 
hence  a  description  will  not  be  given  at  tliis  point. 

Engine  Lathe.      When  (he  slide  rest  is  permanently  attached 
to,  and   niuvaiiie  along,  the  bed  of  the  latlie,  and  nioticni  is  auto- 
matically   imjjarted    to    the 

^- tool,  we  have  what  is  termed 

the  engine  lathe.  This  is 
one  of  the  most  common,  as 
well  as  one  of  the  most  ini- 
[lortant  machine  tools,  and 
one  which  can  be  made  to 
serve  for  a  wide  variety  of 
operations;  For  these  rea- 
sons, it  is  entitled  to  a  more 
extended  description  than 
that  accorded  to  less  typical  forms. 

An  ordinary  form  of  screw  cutting  engine  lathe  is  shown  in 
Fig.  91,  which  is  a  representation  of  one  of  usual  dimensions.  It 
has  a  strong  cast-iron  bed  A,  carried  on  four  well  braced  legs,  that 
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may  iie  bolted  to  the  floor,  though  the  weight  of  the  machine  may 
be  sulhcieiit  to  hold  it  in  position.  On  the  left-hand  end  of  the 
hed  there  is  fastened  the  head  stock  B,  which  carries  the  main 
running  gear  of  the  machine.  At  each  end  of  the  head  stock 
tlicre  is  a  bearing  for  the  spindle.  Running  loosely  on  the  spin- 
dle and  l)etween  the  bearing  is  the  cone  pulley  C  to  which  the 
pinion  D  is  attaclied. 

The  hack  gear  is  designed  to  reduce  the  speed  of  the  spindle 
without  changing  the  belt  speed.     The  mechanism  of  the  back 


Fig.  90. 

gear  is  more  clearly  slio\\  u  in  Fig.  92.  The  large  gear  E  alone 
shows  in  Fig.  91.  It  is  driven  by  the  pinion  D  which  is  attached 
to  the  cone.  The  pinion  on  the  same  sleeve  as  the  gear  E  drives 
the  gear  at  the  right  of  the  cone.  This  gear  is  keyed  to  the 
spindle.  When  the  back  gear  is  not  in  use  it  is  thrown  out  of 
mesh  with  the  gears  on  the  pulley  and  spindle,  by  means  of  the 
shaft  having  eccentric  bearings  upon  which  it  turns  ;  at  the  same 
time  tlie  cone  pulley  is  fastened  to  the  gear  at  its  right.  The 
spindle  then  turns  with  the  cone  pulley.  When  the  back  gear  is 
in  use  the  spindle  runs  more  slowly,  with  the  belt  on  the  same 
step  of  the  cone,  than  it  does  when  driven  direct. 

The  spindle  projects  tlirough  the  bearings  at  each  end.     At 
the  nglit  it  IS  usually  threaded  to  receive  a  face  plate  F.     It  ia 
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also  bored  out  and  tapered  at  the  end  for  a  center  G.  This  cen- 
ter is  called  the  lire  center  because  it  turns  with  the  spindle.  The 
dead  center  II  is  in  the  tailstock,  and  hence  does  not  turn.  At 
the  left  the  -spindle  projects  beyond  the  bearings,  and  carries  a 
small  ooue  pulley  I  and  a  pinion  J.  The  cone  pulley  serves  as 
the  driving  pulley  for  a  narrow  belt  running  to  the  corresponding 
pulley  K  on  the  feed  rod  N. 
The  pinion  serves  to  drive, 
through  the  intermediate  gear 
yi,  thf  lead-screw  O. 

The  work  is  held  on  the 
centers  G  ami  II,  tlie  distance 
between  which  is  adjusted  by 
Moving  the  tiulstock  S  (some- 
times called  the  tailblock).  The 
latter  is  held  to  the  bed  by  a 
clamp  and  bolts  tightened  by 
the  nuts  T.  To  move  the  tail- 
stock,  these  nuts  are  slackened 
and  the  stock  moved  to  the 
pro[»r  position.  The  final  ad- 
justment is  made  by  turning  the 
hand  wheel  Q,  which  rotates  a 
screw  in  the  case  P,  which 
works  in  a  nut  in  the  spindle 
of  the  dead  center  H  which  is 
thus  moved  in  and  out.     When 

the  centers  have  been  properly  adjusted  and  the  work  is  in  posi- 
tion, the  dead  center  is  clamped  by  the  handle  K. 

When  work  is  to  be  turned,  the  tool  is  properly  adjusted,  and 
the  carriage  U  moved  along  the  bed.  This  movement  is  accom- 
plished by  means  of  gearing,  which  is  j'laced  behind  the  apron  of 
tlie  carriage,  and  driven  by  the  shaft  upon  whicii  the  cone  pulley 
K  is  keyed.  The  driving  gear  meshes  with  a  rack  beneath  the 
upper  ledge  of  the  bed.  ConnectiT)n  between  the  gearing  and  the 
.shaft  is  made  by  a  fiictidU  clutih.  The  carriage  may  also  l)e 
moved  by  hand,  liy  turning  the  hand  wliecl  V,  to  v.hich  there  is 
keyed  a  pinion  directly  meshing  in  the  rack. 
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Tlie  tool  is  fed  to  tlie  work  ami  withilniwii  from  itliy  turning 
the  cross  feetl  liamlle  W.  This  drives,  I>y  means  of  the  serewand 
nut,  the  cross  slide  X.  This  arningemeut  permits  any  desired 
transveree  or  longitudinal  position  of  tlie  tool.  The  motion  of  the 
carriage  is  usually  from  right  to  left  when  at  work.  When  screws 
are  to  lie  cut,  a  different  feed  is  used,  hi  ordinary  turning  there 
will  1)6  a  vaiiation  in  the  i-elations  l)etween  the  rotation  of  the 
work  and  tlie  longitudinal  motion  of  the  tool  due  to  the  slipiiing 
of  the  helt  connecting  the  cone  j)ulleys  I  and  K,  or  to  the  slipping 
of  the  friction  clutch  connecting  the  shaft  K  to  the  driving  gear. 

To  cut  a  screw  tiiread  it  is 


Fig.  fl:?. 


neces.sary  that  there  shall 
be  no  relative  change 
in  tlie  rotiition  of  the  work 
and  the  longitudinal  mo- 
tion of  the  tool.  In  other 
words,  tlie  tool  must  travel 
a  given  distance  for  every 
revolution  of  the  work. 
To  accomplish  this,  the  car- 
riage is  driven  hy  the  lead- 
screw  ()  working  iii  a  nut 
set  in  the  carriage.  The 
screw  is,  in  turn,  driven 
by  the  train  of  gears  J,  M, 
.in<l  ]j.  The  gear  J  is  keyed  to  the  spindle.  The  interme- 
diate gear  M  runs  loose  on  a  stud.  Tiie  gear  L  is  keyed  to  the 
feed  rml  N,  which  transmits  its  motion  to  the  lead-screw  O  by 
geai-s  Y  and  Z.  By  changing  the  sizes  of  the  gears  used  on  the 
spindle  and  the  screw,  any  desired  thread  may  be  cut  The  size 
of  the  intermediate  gear  ^I  has  no  effect  on  the  thread  being  cut. 
It  is  used  to  connect  tlie  other  two  gears,  and  can  be  adjusted  to 
any  desired  position  for  that  purpose. 

In  tliis  country  the  size  of  a  lathe  is  designated  by  the 
largest  diameter  it  will  swing  over  the  guides,  and  by  the  length 
of  the  bed.  Tlie  lathe  illustrated  is  known  as  24"  x  8'.  In 
England  the  distance  from  the  guides  to  the  center  is  the  unit  of 
size,  and,  in  a  few  cases,  the  greatest  distance  between  centers  is 
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c'oiisiik'ivd  to  lie  the  length  of  the  hithe.  Thus  a  15-inch  hilhe  in 
Eiiglanil  would  be  a  30-inoh  lathe  in  the  United  States. 

The  attachments  usually  furnished  without  extra 'charge  are 
a  large  face  plate  of  the  full  swing  of  the  lathe,  a  steady  rest,  and 
a  follower  i-est. 

The  small  face  plate  is  used^  only  for  driving  the  woi'k  indi- 
rectly through  suitable  attachments.     The  large  face  plate  shown 


i'ig.  !I4. 


in  Figs.  91  and  98  is  used  as  a  direct  support  for  the  work,  the 
T-siots  and  other  oi)enings  furnishing  opportunities  for  bolting 
and  clamping  the  work  firmly  to  the  face  plate. 

The  Steady  Rest.  When  work  is  beuig  done  on  the  end  of 
a  shaft  so  that  the  tiulstock  cannot  be  used,  it  is  necessary  to  sup- 
port the  shaft  in  some  other  way.  It  is  done  by  means  of  the 
steady  rest  shown  in  Fig.  94.  This  rest  consists  of  a  frame  hinged 
at  A,  and  fitted  with  three  movable  jaws,  B  B  B.     The  rest  is 
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cliimi)ed  to  the  lathe  bed  in  the  jirojier  phice.  The  jaws  B  B  1} 
are  tlieii  adjusted  to  form  a  hearing  for  the  work,  eare  Ijehig  taken 
that  the  axis  of  the  work  is  jiiiraliel  to  the  wa^-s,  or  shears.  Unless 
it  is  j«rallel,  the  work  will  not  be  turned  true ;  that  is,  the  end 


will  not  lie  square,  hut  will  \te  hollowed  or  conical,  as  shown  some- 
what-exaggerated  in  tiie  aceom[)anying  diagram  (Kig.  O/)).  Tliu 
steady  rest  is  also  used  to  support  long  shafts  that  are  being  turned  ; 
it  prevents  such  work  from  sagging  at  the  center  and  thus  being 

turned  out  of  true. 

After  adjusting 
the  steady  rest  to  size, 
it  can  be  moved  along 
tlic  bed  of  the  latlie 
without  changing  the 
relation  to  the  lathe 
axis;  but  care  nuist  be 
taken  not  to  7-everse  tlie 
steady  rest  in  the  latiie, 
as,  in  most  cases,  such 
action  would  iiecessi- 
tiite  a  readjustment. 
The  names,  back  rest  and  center  rest,  are  synonymous  witli 
steatly  rest,  the  use  of  the  device  often  determining  the  name. 

The  follower  rest  serves  some  of  the  purposes  of  the  steady 
rest,  but  is  fastened  to  the  carriage,  and  moves  with  it  at  the 
point  of  greatest  stress.  It  may  consist  of  adjustivble  jaws  or  a 
solid   ring  to  slip  over  tlie  piece  being  turned.     It  is  esfieciaily 


Fig.  97. 
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valiialile  in  turning  sh.ifting  and  other  work  where  the  ratio  of 
lengtii  to  diameter  is  veiy  great.  The  follower  rest  is  not  very 
often  used  in  shop  2>i"ictice,  except  on  classes  of  work  just 
mentioned.  The  extra  atUichments  desirable  for  a  lathe  will 
now  be  briefly  described. 

Chucks.     First  in  importance  is  the  lathe  chuck,  Fig.  96.     It 
consists  of  a  bod}'  which  is  fastened  to  a  special  face  plate  in  such 


a  way  that  it  is  concentric  willi  the  spindle.  The  three  jaws  AAA 
can  be  moved  in  and  out  toward  the  center  by  turning  the  screw- 
beads  15BB.  These  chucks  arc  univeisalor  independent,  hi  the 
universal  chuck  all  of  the  jaws  are  operated  siiuTdtaneousIy. 
That  is,  when  one  of  the  screw  heads  B  is  turned,  all  of  the  ja«s 
are  moved  an  equal  distance  towards  or  away  fiom  the  center. 
This  makes  it  jjossible  to  put  *'be  work  in  ])Osition  quickly  if  it  i.--- 
approximately  round  in  its  umiuished  condition.      Willi  the  in- 
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(lo[)emleiit  cliiu'.k,  Fig.  UT,  each  jaw  is  openitcil  separately.  Sucli 
a  chiiek  is  used  for  holding  jiicces  of  irregular  sliaix;  and  tlioso 
wliieh  must  he  held  eccentrically.  Frequently  the  universal  and 
independent  cimcks  are  comhine<l  in  one.  Means  are  then  pro- 
vided for  working  the  jaws  separately  or  together  as  desired. 

In  using  the  universal 
chuck   each   screw   should 
l)e  tightened.    The  mediod 
of  procedure  is  to  place  the 
work    in    the    chuck,    and 
turn  one  screw  head  until 
all  of  the  jaws  are  in  con- 
tact witli  the  piece  lo  be 
o[)erated  upon.    Then  turn 
theeliuckand  tighten  each 
si'rew     licad     successively 
until  each  one  is  tight  ciiougli.     Owing  to  wear  and  lost  niotion, 
it  is  sonietinies   necessary  to  api)ly  the  wrench  to  each  one  three 
or  four  times  heforo  the  final  adjustment  is  nuiched. 

Lathe  chucks  are  usually  made  with  three  or  four  jaws. 
Univereal  chucks  generally 
have  tlirce  jaws,  while  inde- 
pendent chucks  have  four. 
It  follows  that  a  combination 
chuck  is  not  wholly  satisfac- 
tory, because  with  three  in- 
dependent jaws  it  is  very 
dillicult  to  adjust  work  ae- 
curatel}',  and  with  four  uni- 
versal jaws  it  is  equally  dif- 
ficult to  get  every  jaw  to  bear 
on  the  work.  For  certain 
classes    of    work,    especially 

valves  and    pipe  fittings,  chucks  wilh  two  jaws  are   often  used 
The  large  face  plate  of  a  Jathe  can  he  made  into  an  indepen- 
dent chuck   by  atUiching  what  are  known  as  face-plate   jaws ; 
Fig.  98.     In  this  case,  there  may  be  six,  eight,  or  more  jaws. 

As  these  chucks  are  expensive  it  sometimes  hy|]j)ens  that  a 


Til,',  on. 


MACHINE   SHOP   WORK. 


71 


liiucu  is  to  be  held  fur  whieli  no  provision  is  made.  .V  iluuk  can 
then  be  made  of  wood.  Sneh  a  chuck  is  shown  in  Fig.  il!).  Two 
pieces  of  wood.  A  and  B,  are  bolted  together  by  the  bolts  EK, 
\\hilc  separated  by  the  tilling  pieces  CC.  The  piece  is  lirmly 
bolted  to  a  face  plate  by  the  bolts  Dl).  The  lathe  is  then  run  at 
iiigh  speed,  and  the  interior  bored  out  exactly  the  size  of  the 
piece  that  is  to  be  held.  The  nuts  of  the  bolts  EE  are  slackened 
and  the  tilling  pieces  CC  removed.     The  work  is  then  inserted, 


and  by  lightening  tiiu  nuls  EYl,  it  is  securely  clamped  between 
the  pieces  A  and  U. 

Lathe  Dogs.  As  the  frictional  contact  of  the  work  on  the 
live  center  is  not  sufficient  to  turn  it,  some  device  must  be  used 
to  make  the  work  turn  with  the  center.  To  accomiilish  this  a 
lathe  dog  is  used.  For  round  work,  such  as  shafting,  a  dog  like 
that  shown  in  Fig.  100  is  often  used.  The  shaft  or  piece  to  be 
turned  is  placed  in  the  hole  A,  and  held  firml}'  in  place  by  the  set 
screw  B.  The  tail-piece  C  is  put  through  a  hole  in  the  face  plate 
and  the  work  rotates  with  the  live  center. 

AVhile  this  type  of  dog  is  satisfactory  in  most  cases,  the  fact 
that  the  contact  between  the  dog  and  the  face  plate  is  l)eyond  the 
end  of  the  piece,  introduces  a  bending  strain  which  is  appreciable 
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in  slender  work.     To  avoid  this,  dogs  are  made  with   a  strai[;lit 
tail,  and  driven  by  a  stnd  projecting  from  the  face  plate. 

For  work  otlier  tlnin  round,  a  dog  such  as  thai  sliown  in 
Fig.  101  may  be  used.  The  work  is  placed  l)etween  tlie  j  lus,  and 
held  in  position  by  the  bolts.     The  holes  in  the  upper  jaw  are  made  ' 


larger  than  the  screws  in  order  that  tiie  angle  between  the  jaws 
may  l>e  varied.  The  connection  between  the  face  plate  and  dog 
is  made  as  witli  Fig.  100. 

Handrels.      Another  method  of  holding  work  is  by  the  use  of 
a  mandrel.     Tliis  is  a  piece  of  steel  with  a  slight  tiqier:  the  eiids 


Fig.  103.  [ 

are   flattened  for  the  lathe    dog,  as  shown   in   Fig.   102.      It  fre- 
quently happens  that  a  i)iece  with  a  hole  in  it  is  to   be  turned  or 
finished  over  its  outer  surface.     In  this  case  a  dog  cannot  be  used, 
and   it  is   troublesome   to  hold  it  to  a  cliuck.     Such  a  piece  is 
shown  in  I'^ig.  103.     Tiiis  is  a  stuiling-box  gland.      If  it  were  to  I 
be  held  by  the  jaAvs  of  a  cliuck  the  face  Acoidd  not  ])e  icachedat  t 
all,  and  only  a  portion  of  the  edge  H,  whereas  a  dog  clainptMl  to  it  I 
would  offer  even  greater  obstruction.     Tlie  method  of  nsiiig  the  I 
mandrel  is  to  ream   tiie  gland   out,  so  that  it  can  be  dnven  upon  | 
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tlic  nianihcl.  Wlioii  tliis  li;is  been  iloiic  the  frictio:i;il  ivsistiiiioo 
Iiftwcvii  tin-  two  will  1)0  sulVu-ieMt  to  drivo  tlio  i>iece.  ]ii  this 
iimiiiicr  it  laii  In:  IIiusIkmI  over  its  wliulo  surface  with  but  one  set- 
tiiiiT  in  the  lathe.  All  finishinif  possible  may  be  done  while 
it  is  in  the  chT.ck,  leaving,  in  this  case,  only  the  face  A  and  edge 
B  to  be  linislu'd  while  on  the  niandiel. 

Should  the  gland  be  shaped,  as  shown 
in  Fig.  104,  it  would  be  necessary  to  make 
a  special  mandrel  to  fit   the  bore.     The 
cylindrical  part  of  A  of  the  mandrel  must 
be  a  driving  fit,  and  the  part  B  a  loose  fit. 
ErpamJinij  3Jandreh.     Where  a  man- 
diol  like  that  shown  in  Fig.  102  is  fre- 
ijuently  used,  the  consfciut  driving  on  and 
off  of  the  work  will  wear  it  to  a  smaller 
diameter,   causing    it    to    become    useless. 
Again,  solid  mandrels   are   usually   made 
of    standard    diameters,    varying    by   six- 
teenths of  aniuch. 
It  sometimes  hap- 
pens that  a  piece 
to  be  turned  has 
a  hole  which  will 

not  fit  any  stand- 
Fig.  104.  .      '' 

ard  solid  maudrel. 

To  overcome  these  difficulties  au  expanding  mandrel,  shown 
in  Fig.  105,  is  used.  This  is  really  a  chuck  so  arranged  that  the 
grips  can  be  forced  out  against  the  interior  of  the  hole.  When 
the  work  has  been  finished  the  grips  are  again  drawn  in  and  the 
piece  removed.  Another  form  of  expanding  mandrel  is  shown 
in  Fig.  lOG. 

Centering.  A  piece  to  be  turned  is  supported  on  the  two 
centers  of  the  lathe.  In  order  that  this  may  be  done,  the  ends 
are  prepared  by  drilling  a  hole  in  each  and  countersinking  it. 
This  is  called  centering  the  work.  The  countersink  should  be  of 
exactly  the  same  angle  as  the  lathe  center  upon  which  it  is  to 
run.  The  hole  should  be  drilled  d^ep  enough  so  that  the  point 
«f  the  lathe  center  may  not  strike.     The  shape  of   the  hole  is 
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shown  ill  Fig.  107.  The  angle  i)f  the  hole  vaiics  from  40°  to  'JO". 
l)ut  60°  is  tlie  generally  aecepted  standaitl.  The  effect  of  using  a 
60°  liole  on  a  00°  center  is  shown  in  Fig.  108.  The  result  of 
such  an  application  is  that  tlie  Irearing  will  be  concentrated  on  a 


Fig.  106. 

line  AB  causing  rapid  wear  of   the  outer  end  of  the  hole,  and 
a  cutting  of  the  dead  center. 

The  size  of  center  lif)les  varies  with  the  weiglit  of  the  work 
and  the  character  of  the  operation.  Heavy  work  and  rough 
turning  require  large  center  lioles,  while  small  work  and  fine  turn- 
ing can  1)6  done  without  countersinking  deeply.  As  bearing  sur- 
faces in  cast  iron  must  be  large  to  be  satisfactory,  center  holes 
in  cast  iron  are  likely  to  give  trouble  by  unequal  and  rapid  wear. 
When  turned  work  in  cast  iron  must  be  very  accurate,  it  is  well 


Fig.  i06. 

to  drill  a  large  hole  in  each  end,  drive  in  a  plug  of  wrought  iron 
or  mild  steel,  and  form  the  center  holes  in  the  plugs  thus 
driven. 

When  the  piece  has  been  put  in  place,  the  dead  center  should 
be  oiled  and  screwed  uj)  into  position.  It  should  be  tightened  so 
that  there  is  no  lost  motion  and  yet  allow  the  work  to  tuni  freely. 

The  turning  of  shafts  and  bars  is  not,  however,  the  only  kind 
of  work  to  be  done  on  a  lathe.  Pieces  are  to  be  turned  that  are 
thin,  that  have  holes  through  the  center,  and  which  are  so  shaped 
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that  tliej  caaiiot  be  held  upon  the  centers,  hi  siieli  cases  it  be- 
comes necessary  to  liold  tlie  work  fin.ily  witliout  distortion,  as 
iii:iy  be  done  by  nsc  of  the  lathe  chuck. 


Fiff.  107. 


Fig.  108. 


Still  anotlier  method  of  holding  work  is  that  shown  in  Fig. 
109.  The  piece  is  clamped  to  the  face  plate.  When  this  is  done 
there  should  be  a  bearing  oia  the  face  plate  immediately  beneath 
the  clamping  strap.  Vov  example  consider  Fig.  110.  Suppose  a 
disk  liaving  four  feet  on  one  side  is  to  be  faced  off  on  the  front. 


The  clamps  shoidd  be  placed  directly  over  the  feet  as  in  B.  If 
tliey  are  placed  between  the  feet  at  EE  the  work  will  be  sprung 
out  of  sliai)e  as  shown  by  the  dotted  lines  in  A.  Then,  when  the 
tool  has  done  its  work  the  shape  of  the  piece,  while  bolted  to  the 
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fiifc  plate,  will  l.e  ;is  shown  in  ('.  As  siioii  as  the  iivossiiio  of 
the  straps  is  icniovf.l  the  flasticity  of  the  metal  will  eause  the 
piece  to  assume  the  eonvex  I'oiiu  shown  in  D,  whereas,  if  the 
straps  had  l)ceu  placed  as  showi 
been  prod  need. 


I!,  no  distortion  woulil  have 


qi 
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An  anjrle  iron  may  be  clamped  on  a  faee  plate,  as  shown  in 
Fig.  Ill,  presentiiij^  a  siirfaee  parallel. to  the  lathe  axis  to  -which 
work  may  be  alt;icheil.  The  angle  irons  may  of  course  he  at  any 
angle  to  tlie  face  plate,  but  90°  is  the  one  most  commonly  used. 
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Fig.  111. 

When  work  is  held   in  this   manner,  it  is   desirable  to  connte> 
balance  it,  as  is  also  shown  in  Fig.  111. 

Adjusting  Pieces  to  Center.  Whenever  a  piece  is  to  be 
turned  in  a  lathe  it  is  necessary  to  adjust  it  so  that  its  rough  out- 
line is  approximately  concentric  with  the  lathe  centers.     This  W 
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iloiie  by  bolting  it  liglitly  to  the  face  plate  and  running  the  lathe. 

Wliile  running,  a  piece   of  clialk  is   lield   so  that  the  projecting 

jjortions  will  strike  it.     This  marks  the  piece,  and  indicates  the 

part  that  is  fnrth est  from  the  center.     The  lathe  is  then  stopped 

and  the  piece  shifted,  movin<j  the  chalk 

mark  toicarJs  thi'  lathe  center.     This 

is  repeated  until  the  chalk  makes  a 

continuous    niaik    around   the  whole 

circumference.     The  piece  may  then 

be  considered  to  be  centered. 

Suppose  it  is  necessary  to  center 

a  piece  having  a  hole  that  must  run 

true.     In  this  case  the  inside  of  the 

hole  must  be  used  as  a  guide.     Let 

Fig.  112  represent  the  hole  with  the 

tliin  shell,  and  A  a  chalk  mark  made 

as  described  for  centering  by  the  out- 
side.    In    this  work  the  chalk  mark  y\".  112. 

must  he  moved  aivay  from  the  center. 

A  lathe  tool  may  he  used  as  shown  in  Fig.  113  to  center  a  piece 

that  is  to  be  bored. 

AV'here  a  piece  has  already  been'  turned,  greater  accuracy  is 

demanded,  and  a  surface  gage  ma}'  be  used  to  advantage.    Set  the 

gage  on  the  bed  or  carriage 
of  the  lathe,  and  place 
one  of  the  points  in  con- 
tact w'ith  the  work.  Ro 
tate  the  work  as  before, 
and  note  whei'e  the  jJoint 
touches  the  surface.  This 
point  is  to  be  treated  in 
the  same  way  as  the  chalk 

mark  explained  in  a  preceding  paragraph. 

A  still  more  accurate  method  of  centering  a  piece  of  turned 

work  on  a  face  plate  is  to  use  some  form  of  graduated  indicator, 

sucl^  as  the  Starrett  indicator.  Fig.  114.     This  is  held  in  the  tool 

post,  and  the  contact  point  brought  against  the  work  until  the 

indicating  arm  is  at  zero.     If  the  work  is  now  slowly  rotated  by 
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hand,  the  indicator  will  show  just  where  the  work  is  out  of  true, 
and  being  graduated  in  thousandths  of  an  inch,  will  also  show 
how  much.  By  careful  adjustment,  the  piece  may  l)e  centered  to 
the  degree  of  accuracy  required. 

Instead  of  locating  a  cylindrical  surface  concentric  with  (he 
a-xis  of  the  lathe,  it  often  hap[)ens  that  a  jioint  is  to  he  located  in 
the  axis.  For  this  purpose,  tlie  center  indicator.  Fig.  115,  is 
used.  Tlie  free  end  of  the  short  arm  is  jilaccil  in  the  point  to  be 
centered  (usually  a  iirick  jmufh  maik  ),  tlic  fnliMUiii  being  held  in 


FiR.  114. 

the  tool  post;  when  the  work  is  rotated,  the  free  end  of  the  long 
ami  not  only  .shows  the  error,  but  magnifies  it  in  projjoiljon  of 
the  lengtii  of  tiie  short  ann  to  the  length  of  the  long  arm.  J5y 
using  a  comparatively  long  arm,  the  point  can  be  very  clo.sely 
centered. 

Centering  Finished  Work.  After  making  the  center  punch 
mark  in  the  end  of  the  piece,  it  is  drilled  and  countersunk.  This 
must  be  done  very  accurately,  but  frequently  the  drilled  hole  or 
the  countersink  will  not  be  in  the  exact  center.  See  Fig.  IKJ. 
This  may  be  caused  by  uneven  grinding  of  the  drill,  eccentric 
motion  of  the  drill  point  (due  to  the  inaccurate  running  of  the 
spindle),  or  the  distortion  of  the  mebil  by  the  center  punch.  If 
the  countersink  is  not  exactly  in  the  center,  it  must  be  drawn 
back  to  the  center.     This  is  generally  done  by  the  small  round- 
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nosed  chisel  ami  a  hainiiier.  The  method  of  doing  tiiis  work  is 
as  follows:  After  niakinsj  the  center  punch  mark,  the  iinle  is 
drilled  and  ilien  countersuid<  slightly.     The  work  should  now  be 


Mi- 


Fig.  115. 


stopiied ;  and  if  the  circumference  of  the  conical  hole  is  not  con- 
centric with  the  circumference  of  the  piece  a  groove  should  Ije  cut 
down  the  side  farthest  from  the  outer  circumference,  as  shown  in 
Fig.  117.     The  dc];th   of  the  groove,  which  should  be  near  the 


¥\g.  116. 


center,  depends  upou  the  amount  of  eccentricitv.  The  countersink 
is  again  stiirted  and  the  groove  drilled  out.  if  the  circle  is  not 
yet  concentric,  the  process  is  repeated. 

Lathe  Tools.  The  cutting  tools  used  in  latlies  are  of  a  great 
variety  of  shapes.  These  shapes  are  adapted  to  the  work  that  is 
to  he  done,  and  to  the  kind  of  liuish  that  is  to  be  left  upon  the 
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inetiil.  There  are  two  fundamental  requirements  that  all  touls 
must  fullill :  The  cuttin;j  edge  alone  muHt  touch  the  metal ;  thr  i<li/e 
7mist  he  keen.  A  typical  form  of  tool  is  shown  in  Fig.  118.  The 
cutting  edge  of  the  tool  at  .V  is  in  contact  with  the  work.     The 

bottom  line  A  W  runs 
back  from  the  metal  and 
does  not  touch  it.     The 

E '°o~~^f^  I         top    face    A    C    slopes 

down   and    back.      The 

C''  ^~^>/l  ^^^  ^  ^'"^   ■'^  ^^   •'^   ^  tangent 

at  tlie  cutting  point,  and 
the  line  A  E  is  radial 
at  the  same  point. 
Therefore,  the  angh;  i)  A  I^  is  always  a  right  angle  or  90°.  The 
angle  D  A  B  is  called  the  angle  of  elearanee,  and  shouhl  be 
small ;  in  lathe  tools,  not  over  10°.  The  angle  C  A  E  is  calJcil 
the  angle  of  rake,  and  should  be  as  great  as  circumstances  will  per- 
mit; alx)ut  20°  on  lathe  tools  for  wrought  iron  and  steel,  kaving 
t)0°  for  the  ssoUd  or  cvttimj  angle,  which  is  the  same  angle  as  is 
used  for  a  cold  chisel. 

Clearance  prevents  the  t<jol  from  rubbing  on  the  work,  while 
rake  adds  to  the  keenness  of  the  cutting  edge,  and  gives  freedom 


Fig.   119.  Fig.  I2y. 

to   the    removal    of   the    chips.     A  tool    should    have   sufficient 
strength  at  the  ixjint  to  do  tlie  work  required. 

The  tool  should  be  set  so  that  the  cutting  edge  will  be  very 
nearly  at  a  horizontal  line,  paSsing  through  the  axis  of  the  work. 
Many  machinists  set  the  cutting  edge  a  little  above  the  horizontal 
line.  When  so  set  the  stress  tends  to  force  the  tool  down  along 
the  line  of  its  greatest  strength.     The  tool   may,  however,   f)e  set 
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too  liigh.  If  this  is  done,  as  in  Fig.  119,  the  angle  of  clearance 
will  dis.ipiiear,  and  the  curve  of  the  work  will  rub  against  the 
bottom  of  the  tool.  This  will  tend  to  force  it  out;  it  will  heat 
the  steel  and  produce  a  rough  sui-face  on  the  metal  being  turned. 
If,  on  tlie  other  hand,  the  tool  is  set  too  low,  as  in  Fig.  120,  the 
cutting  edge  does  not  stand  in  line  with  the  moliou  of  the  work 
at  the  point  of  contact. 
The  result  will  be  that  the 
metal  will  be  scraped  rather 
than  cut,  as  there  is  no 
rake,  and  the  pressure  upon 
the  tool  wiU  be  in  the  line 
of  its  lowest  power  of  re- 
sistance, as  indicated  by  the  pio._  121. 
iUTow.     Such    a    position 

might  cause  the  point  of  the  tool  to  break  off.  It  will  also  cause 
the  tool  to  tremble  or  chatter  as  it  removes  the  chips,  leaving  a 
rough  and  wavy  surface  on  the  metid. 

As  stilted  above,  many  machinists  prefer  to  set  the  cutting  edge 
a  little  above  the  center ;  if  this  is  done,  the  rotation  of  the  work 


Fig.  122. 

has  a  tendency  to  depress  the  point  of  the  tool  a  little,  bringing 
it,  wliUe  cutting,  nearly  to  the  center.  The  amount  the  tool  is 
set  above  the  center  is  slight,  and  of  course  depends  upon  the 
character  of  the  work.  The  angle  A  C  B,  Fig.  121,  should  be 
only  about  5  or  6  degrees. 
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The  tool  is  usually  held  to  the  carriage  by  means  of  a  tool  post, 
shown  in  Fig.  122.  The  post  consists  of  a  piece  with  a  slotted 
liole  througli  the  center  for  the  tool  B.  A  ring  C  slips  over  it 
and   rests   upon    the    body  of   tlie   carriage.     This  ring   may  be 

beveled  as  shown,  to  provide 
vertical  adjustment  for  the 
point  of  the  tool.  The  post 
has  a  coUar  D  at  its  lower 
end  tliat  goes  loosely  into  a 
slot  in  the  carriage.  At  the 
top  there  is  a  set  screw  E. 
When  the  tool  has  been  pro- 
perly adjusted  hy  turning  the 
ring  C  to  give  it  the  coriect 
elevation,  tlu;  set  sciew  is 
tiglitened  down  upon  the  top  of  tlie  tool.  This  raises  the  tool 
post  to  a  liearing  on  the  under 
side  of  the  slot,  and  clamps 
the  whole  carriage  firmly  in 
position. 

In  setting  the  tool, it  should 
be  done  with  the  cutting  edge 
as  far  back  towards  the  support- 
ing ring  as  possible.  If  it  has 
too  much  overiiang,  as  sliown 
by  the  dotted  lines  of  Fig.  122, 
:t  will  spring  under  the  pres- 
sure of  the  work  and  chatter. 

While  this  form  of  tool  post 
is  used  more  than  any  other, 
there  are  certain  objections  to  it. 
In  the  first  place,  changing  the 
height  of  the  tool  point  also  changes  the  angles  of  rake  and 
clearance.  These  are  supposed  to  be  correct  when  the  base  of 
the  tool  is  horizontal.  Any  change  from  this  position  will  alter 
these  angles  materially.  Again,  this  post  is  not  rigid  enou^Ii 
for  heavy  work.  (^n  lathes  of  over  thirty  inches  swing  tlie 
fttyle    of     tool-holder    shown     in     Fig.    123    is    often    employed. 


Fig.  124. 
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Kiijrlisli  iimmifafturei'S  use  it  aliiiost  exclusively  on  all  sizes. 
Tliere  is  no  provision  for  misinjc  ami  lowei'ing  the  point  of  the 
tool;  ;in(l  while  this  is  not  of.  sei'ions  importance  on  hirt^'e  lathes, 
•U)-nich  and  over,  it  heconies  a  matter  of  moment  when  turning 
sueh  work  asis  usually  handleil  in  lathes  of  14-ineh  and  16-ineh 
swing. 

The  form  shown  in  Fig.  124  has  two  heveled  rings  to  adnist 
the  height  of  the  tool. 

The  Lipe  tool  post,  show  u  in  Fig.  12"),  coml)ines  the  good 
points  of  all  the  other  f urnjs ;  the   tool  can  he  held  by  one  or  two 


screws  as  the  character  of  the  work  may  recpiire,  and  the  tool  may 
be  adjusted  vertically  and  liorizoiitally  after  being  elam^Jed  down. 
The  construetiou  and  ojieration  of  this  tool  Y>ost  are  so  evident 
from  the  illustration,  that  further  description  will  not  be  given. 
An  entirely  different  method  of  adjusting  the  tool  point  is  b}-' 
means  of  what  is  called  the  elevating  or  rise-and-fall  rest  shown 
in  Fig.  126.  In  this  type  there  is  a  T-shaped  casting  carried  on 
the  upper  part  of  the  carriage,  supported  b'    truiniion  screws  at 
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the  front,  and  l)y  an  adjusting  screw  at  the  rear.  VV^ith  this  ia 
used  a  tool  post  as  sliown  iu  Fig.  122  with  a  plain  ring.  The 
elevating  rest  is  used  quite  extensively  on  small  lathes,  Ijut  tlie 
convenience  of  adjustment  is  gained  hy  a  loss  in  rigidity.  The 
cross  rail  is  light,  and  the  elevating  portion,  being  supported  at 
three  widely  separated  points,  lacks  stiffness.  As  the  effective 
swing  over  the  carriage  is  limited  by  the  height  of  the  cross  rail 
and  tlie  pirts  carried  above  it,  they  are  made  light — too  light  in 
many  cases. 


Fig.   126. 

Turning  Tools.  The  side  or  facing  tool,  Fig.  127,  is  the  most 
common  form  of  lathe  tool.  It  is  used  for  S(iuaring  up  the  ends 
of  shafts,  facing  shoulders,  and  similar  work.  While  the  ordi- 
nary forms  will  not  remove  a  large  amount  of  metiil,  they  can, 


Fig.  127. 


when  made  thick  and  heavy,  be  used  for  roughing  cuts  on  the 
surface  of  cylindrical  work.  Tlie  common  form  is  made  slender 
iu  OKler  to  work  between  the  dead  center  and  the  work  in  squar- 
ing up  ends. 

A  common  form  of  tool  for  turning  wrought  iron  and  steel  is 
the  diamond  point  sho\vn  in  Fig.  128.  The  name  is  derived  from 
the  shape  of  the  top  face.     This  tool  has  both  front  and  side  rake 
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which  allows  a  keen  edge  without  reducing  the  strength.  It  is 
used  for  finisiiiiig  only  when  the  point  is  ground  slightly  round 
ing  and  a  fine  feed  is  used.  lu  finishing,  but  little  metiil  should 
be  removed.  The  Feed  of  a  tool  is  tlie  amount  of  longitudinal 
advance  at  each  revolution  of  the  work.  Fur  roughing  out  cast 
iron,  a  strong  and  rapid  working  tool  is  a  round  nose  witii  con- 
siderable  side  rake.  For  finishing  wrought  iron  and  steel,  a 
modification  of  the  diamond  point,  as  shown  in  Fig.  129,  is  often 


Fi'-.  li'J. 


Fig.  130. 


used.  For  cast  iron,  a  square-nosed  tool.  Fig.  130,  should  be 
used.  It  must  be  carefully  ground  and  accurately  set,  otherwise 
it  is  very  likely  to  gouge  into  the  softer  parts  of  the  metal. 
When  finishing  wrought  iron  and  steel,  the  tool  sliould  be  liber- 
ally supplied  with  oil  or  soda  water.  Cast  iron  must  always  be 
worked  diy,  both  in  roughing  and  finishing. 

The  cutting-off  or  parting  tool  is  illustrated  in  Fig.  131, 
The  blade  is  quite  narrow  ;  as  narrow,  in  fact,  as  the  character  of 
the  work  will  allow.  This  is  necessary  in  order  that  the  stock 
may  not  be  wasted.     As  the  blade  must  be  narrower  at  the  shank 


^  EJ 


i'g-  131.  Fig.  132. 

and  at  the  bottom  than  it  is  at  the  cutting  edge,  it  follows  that 
the  tool  is  weak.  It  must  be  set  lioiizontally  so  that,  as  the  tool 
IS  fed  to  the  work,  tlie  cutting  edge  only  will  touch  the  metal. 
It  must  also  be  set  so  that  the  cutting  edge  will  pass  throucrh  the 
axis  of  the  work  as  it  is  fed  to  the  center.  If  set  too  high.lt  will 
cease  to  cut  before  the  center  of  the  work  is  reached,  while  if  too 
Jow.  the  tool  has  a  poor  scraping  action,  and  will  leave  a  portion  of 
the  work  uncut.     On  work  held   between  center.s,  one  shoiiUl   not 
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attoiiijit  to  cut  to  the  center  of  tlie  i)iece,  us  tlic  work  will  surd}' 
ride  up  onto  the  tool. 

Borinj;  Tools.  Wiien  a  hole  is  to  he  hored  in  a  lathe,  tools  of 
a  ilitVcicnt  shape  from  those  used  in  turning  must  he  used.  'J'he 
general  form  of  the  t«iol  is  shown  in  I'^ig.  132.  The  length  of  the 
siiank  at  A  de[)ends  on  the  depth  of  the  hole  to  he  hored,  for  it 
must  be  long  enough  to  reach  from  the  tool  jjost  t<i  the  bottom  of 
the  hole.  This  overhang  makes  the  tool  more  likely  to  sja'ing, 
and  necessitates  a  much  lighter  cut  than  c;iu  be  taken  when 
removing  the  same  amount  of  metal  by  outside  turning  tools. 
The  result  of  this  lighter  cut  is  seen  in  the  increase  of  time 
I'cquireil  to  remove  a  given  amount  of  stock.  The  shajie  of  the 
cutting  edge  is  jn-actieally  the  same  as  that  of  the  tools  for  turn- 
ing, except  tliat  the  boring  tool  must  have  moix;  clearance  to  avoid 
striking  the  work.  Thei-efore,  with  the  same  solid  angle,  the  tool 
will  have  less  rake.     The  reason  for  lliis  will  ho  seen  by  compar- 


ing Figs.  118  ami  1-33.  In  Fig.  118  it  vnW  be  seen  that  the  sur- 
face of  the  work  is  outside  a  tangent  at  the  cutting  point,  and  can 
never  interfere  Avith  the  bottom  of  the  tool.  In  Fig.  133  the 
work  surface  is  inside  the  tangent ;  and,  unless  the  tool  has  a  large 
amount  of  clenrauce,  it  will  cause  tn)id)le  liy  striking  the  concave 
surface. 

Tools  for  brass  diifer  from  those  used  on  steel  and  iron  in 
that  th>y  have  no  rake.  A  tool  suited  for  brass  is  shown  in  Fig. 
134.  Brass  is  a  very  brittle  metal,  and  the  ciiips  break  off  as  .sooH' 
as  starttid  fiom  the  main  bofly.  When  turning  wiought  iron  andi 
steel,  on  the  other  hand,  the  mebd  does  not  break,  but  forms  long 
spiral  chips  if  the  tool  is  in  good  condition.  If  a  tool  with  rake 
is  used  in  turning  brass,  the  work  will  not  only  Ije  rough  in 
appearance,  but  there  's  great  danger  of  the  tool  gouging  into  the 
stock  and  spoiling  the  work  or  tool,  possibly  both.     The  finishing' 
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tools  for  brass  may  be  square  or  round  nosed,  without  rake ;  in 
fact,  a  snudl  amount  of  negative  rake  will  produce  a  much  better 
surface,  ^yilen  the  brass  contains  a  largo  percentage  of  copper, 
some  rake  may  be  reciuired  owing  to  the  ductility  and  toughness 
of  i\ih  metal. 

Fig.  loo  shows  common  forms  uf  lathe  tools. 

The  shaiie  of  the  tool  has  a  very  imjwrtant  influence  on  the 
amount  of  work  it  can  be  made  to  do.      As  has  already  been  ex- 


A  '.eft-baii.l  Side. 

B  itiglit-haii.l  Si.ie. 

C  Kifelit-lmii.l  Bent. 

D  Kight-hanu  l)iaiiii>D<1  Pi> 


Left-hand  Diamond  Point 
Kouiid  Xose. 
Cutting  off. 
Roughing. 

Fig.   135. 


I  Threading. 

J  Bent  Threading. 

K  Boring. 

L  Inside  Threading. 


plained,  these  shapes  vary  with  the  different  metals  that  are  being 
worked,  and  also  with  the  class  of  work  performed.  It  is  highly 
important  that  the  cutting  angles  be  correctly  formed,  ^\'llile 
hand  grinding  on  the  emery  wheel  and  grindstone  is  fairly  satis- 
factory, the  best  results  can  only  be  attained  by  the  nse  of  a  reg- 
ular tool-gnnding  machine,   shown    in   Fig.  136.       In  addition, 
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tools  for  fine  iinisliing  should  be  carefully  whetted  on  a  line  oil 

stone. 

The  cutting  speed  is  an  iniportiint  matter.  This  varies  with 
the  shai)e  of  the  tool,  the  ([tiality  of  tlie  metal  being  worked,  and 
the  strength  of  the  lathe.  The  amount  of  mebd  removed  in  a 
given  time  is,  therefore,  equally  varial>le.  It  is  impossible  to 
make  a  correct  estimate  of  the  time  that  a  given  piece  of  work 
will  require  unless  all  of  the  above  elements  are  known.  I'^or 
approximate  estimates,  the  speeds  of  cutting  tof>ls  may  be  tiikei) 
to  range  about  as  follows  : 

In  cast  iron.  fiom  30  to  40  feet  per  minute. 

In  wrought  iron,  from  2;'>  to  30  foot  per  minute. 

In  steel,  from  1.')  to  25  feet  per  minute. 

In  brass,  from  60  to  100  feet  per  minute. 

Suppose  a  wrought  shaft  6  feet  long  and  4  inches  in  diameter 
is  to  be  turned.  Let  the  lathe  be  capable  of  cariying  a  feed  of  ^\ 
inch  per  revolution.  The  shaft  lias  a  circumference  of  4  x  3.141G  = 
12.r)t)tj4  inches.     To  give  the  tool  a  cutting  speed  of  25  feet  per 

minute,  the  shaft  must  make  ^^^,,,.^  =  24  (about)  revolutions, 
l2.obb4 

giving  a  feed  of  ^^x  24  =  1  inch  in  tiiat  interval  of  time.  At  I 
inch  per  minute,  it  will  take  (6  x  12)  -=-  J  =  96  minutes  to  take 
a  cut  the  whole  length  of  the  shaft.  The  amount  of  feed  is  really 
the  governing  element.  This  may  be  as  much  as  -,^c  inch  jier  rev- 
olution, and,  for  finishing  cuts,  may  not  be  more  than  ^  J,  ^  inch.  The 
depth  of  the  cut  also  influences  the  time  required  to  finish  a  given 
piece.  This  may  varj-  from  1^5  to  i  inch.  All  depends  on  the 
shape  of  the  tool  and  the  strength  of  the  lathe. 

The  cutting  sijceds  given  above  are  what  may  be  used  with 
tlie  best  grades  of  tool  steel,  such  as  Jessop's,  but  by  using  air- 
hardening  or  tungsten  steels,  the  sliced  of  cutting  may  be  veiy 
much  increased  over  the  values  given  above.  These  high-speed 
steels  are  rapidly  coming  into  favor,  more  especially  for  heavy 
roughing  cuts.  Not  only  are  the  cutting  speeds  increased,  but 
the  chip  is  made  heavier  both  in  depth  and  feed  up  to  the  point 
where  the  lathe  refuses  to  carry  the  load.  The  ability  of  this 
quality  of  steel  to  stand  high  temperatures  witliout  injuiy  is  the 
feature  which  enables  it  to  do  work  at  tliis  rate. 
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For  cooling  tlie  tool  wliile  jierfomiing  heavy  duty,  a  solution 
of  sal  soda  is  pi-eferable  to  water,  as  it  prevents  rusting  of  the 
work  and  machinery.  The  lubricant  does  not  assist  in  the  sever- 
ing of  tlie  metal ;  even  with  a  most  lil)eral  supply,  it  is  doubtful 
if  any  ever  reaches  tlio  pt)int  cf  tlie  tool.     Its  ortice  is  simply  to 


Fif,'.  136. 


keep  the  tool  cool.     If  a  tool  becomes  overheated,  the  edge  begins 
to  hnn  over  and  it  becomes  dull. 

Referring  to  Fig.  120,  it  wUl  be  seen  that  the  chip,  as  it  is 
being  removed,  presses  down  on  the  top  face  of  the  tool.  This 
pressure  increases  with  the  depth  of  cut  and  the  feed.  Tlie  fric- 
tion would  socQ  cause  a  high  tomperature  in  the  tool  ii  it  wart 
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not  relieved  by  the  lubricant.  The  lubricant  cools  the  tool  by 
absorbing  a  portion  of  the  heat,  and  lessens  the  amount  of  heai 
develoixjd  by  reducing  the  friction  between  the  tool  and  the  chip. 
Clean,  pure  water  is  the  only  lubricant  which  can  be  used  on  cast 
iron,  but  the  rapid  rusting  which  follows  its  use  makes  it  tnidt- 
sirable.  Brass  is  also  usually  turned  dry.  Prime  quality  lard 
oil  is  sometimes  used  for  cooling  the  tool ;  but  the  greater  cost 
prevciits  its  ext*,'nded  use,  unless  some  means  are  provided  to  col- 
lect, separate,  and  lilter  it 


Fig.  137. 


Turning.  The  first  operation  usually  performed  on  a  piece 
of  work  when  placed  in  the  lathe  is  facing  or  squaring  up  thd 
ends.  This  nnist  be  done  to  get  a  uniform  bearing  for  the  cen- 
ters. The  fmishing  of  all  surfaces  at  or  nearly  at  right  angles  to 
the  axis  of  the  work  is  classed  as  facing,  and  the  side  tool  (Fig. 
127)  is  usually  enq>loyyd.  For  roughing  cuts  the  cutting  face  of 
the  to(.l  is  placed  at  a  slight  angle  to  the  work  surface  in  oi-der 
to  remove  tlie  metal  quickly;  but  for  finishing  cuts  it  is  placed 
nearly  flat  agahist  the  work,  so  that  a  light  thin  chip  may  he 
taken. 

Turning  the  cylindrical  portions  ot  the  work  is  next  done  by 
the  use  of  the  diamond  point  or  similar  tool.  Roughing  cuts  are 
taken  to  \vithin  about  J^  inch  of  the  finished  size,  and  a  fine 
finishing  cut  reduces  the  work  to  the  exact  diameter.  For  rough- 
ing cuts,  common  calipers  should  be  employed,  while  for  finishing 
cute,  the  micrometer  caliiier  is  most  suitjtble.  All  measurements 
must  be  taken  with  the  lathe  at  rest,  as  motion  of  the  work 
renders  close  calipering  impossible. 
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Turning  a  Taper.  It  frequently  liapiioiis  that  a  piece  must 
l)e  tiinieil  t^q'tjiiiiy;;  tliat  is,  one  end  is  to  have  a  greater  (lianieter 
tlian  the  other.  Tliere  are  three  ways  of  acconiplisliinL,'-  this 
result:  setting  the  ilead  center  over,  the  use  of  the  cuiiipound 
rest,  and  the  use  of  the  taper  attachment.  Setting  the  dead  cen- 
ter over  is  the  most  common  method.  Provision  is  generally 
made  for  moving  the  dead  center  Literally  towards  the  front  or 
rear  of  the  bed  according  to  the  taper  required.  With  the  dead 
center  set  over,  the  tool  will  be  at  unequal  distances  from  the  live 
and  dead  centei-s,  because  its  movement  is  parallel  to  the  axis  of 
the  lathe.  This  is  shown  in  Fig.  137.  The  piece  to  be  turned  is 
placed  upon  the  centers  A  and  R,  and  the  dead  center  is  moved 
from  the  axis  a  distance  equal 
to  the    difference    between    the  B 

radii  A  D  and  B  C.  This  leaves 
the  side  D  C  parallel  to  the 
center  line  of  the  lathe ;  hence 
the  tool  will  be  fed  along  this 
line.  The  objection  to  doing- 
work  by  this  method  is  that  the  Fig.  138. 
lathe  centers    do  not  have  full 

bearings  at  the  ends  of  the  work,  and  the  center  holes  are  likely 
to  wear  out  of  their  true  positions. 

If  the  taper  is  to  be  turned  on  a  piece  held  by  a  mandrel,  or 
if  the  tai»r  is  to  extend  but  a  part  of  the  total  length  of  tlie  work, 
the  amount  of  set^over  for  the  dead  center  must  be  calculated  in 
the  same  manner  as  though  the  taper  were  to  extend  the  whole 
length  of  the  mandrel  or  work.  In  other  words,  tlie  amount  of 
set-over  for  the  dead  center  is  determined  l)y  the  distance  between 
the  centers  and  the  rate  of  taper. 

For  example :  Suppose  the  mandrel  in  Fig.  138  to  be  IG 
inches  long,  and  the  jiiece  of  work  C  D  which  is  to  be  turned 
tapering,  is -i  inches  long;  suppose  also,  that  the  diameter  at  D 
is  to  be  \  inch  smaller  than  at  C.  Then  for  one  inch  of  length,  the 
difference  in  diameters  would  be  one-fom-th  of  \  inch,  or  Jg  inch, 
and  for  a  length  of  16  inches  it  would  be  sixteen  times  -^L  inch,  or 
1  inch.  Since  the  set-over  is  equal  to  the  difference  of  the  radii, 
tlie  set-over  for  the  16  inches  would  be  one-half  of  1  inch,  or  \  inch. 
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This,  then,  -would  Ije  the  setrover  for  the  work  under  considera- 
tion, and  for  any  piece  to  he  tapered  at  the  rate  of  i  incli  in  4 
inciies  wlieu  lu'ld  on  a  l(]-inth  mandrel. 


EXAMPLES   FOR   PRACTICE. 

1.  A  taiieied  husiiinor  3  inches  long  and  of  4  and  4i  inches 
outside  diainetei-s  is  driven  on  a  12-inch  niandiel  for  turning. 
How  much  must  the  dead  center  be  set  out  of  line  in  order  to  do 
the  work?  ^\"^-  '  i'"''- 


Fig.  1.39. 

2.  A  connecting  rod  6  feet  long  is  to  be  turned  tapering 
from  the  center  to  the  neck  back  of  the  stub-ends.  This  distance 
is  26  inches.  The  diameter  at  the  center  is  to  be  3  inches,  and 
at  the  neck  2i  inches.  How  much  offset  must  be  given  to  the 
dead  center?  Ans.  .692 -finches. 

3.  A  shaft  had  a  taper  2  feet  long  turned  on  one  end.  The 
large  end  of  the  taper  was  4  inches  in  diameter,  and  the  small  end 
was  3  inches  in  diameter.  The  dead  center  was  set  over  1  inch. 
How  long  was  tlie  shaft?  Ans.  4  feet. 

The  machinist  generally  sets  over  the  dead  center  as  accu- 
rately as  possible  and  feikes  a  roughing  cut.  The  taper  is  then 
tested  by  a  careful  comparison  of  the  diameters  or  by  trying  it  in 
a  tapered  hole  of  the  proper  angle,  and  the  center  set  more 
accurately.  Setting  over  the  dead  Center  does  not  give  accurate 
results,  on  account  of  the  fact  that  the  centers  do  not  have  a  true 
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l)e;iring  at  the  ends  of  the  work.  The  shorter  the  work,  compared 
with  ihe  amount  of  set-over,  the  greater  the  inaccuracy. 

In  turning  a  taper  ^\ith  the  compound  rest,  the  work  may  be 
lield  in  a  cliuck,  on  the  facepkte,  or  between  the  ceutere.  Tlie 
compound  rest,  Fig.  139,  is  then  set  at  such  an  angle  that  the 
direction  of  the  motion  of  the  tool  will  coincide  with  tlie  required 
taper.  Several  methods  are  employed  for  this  adjustment  of  the 
j-est.  The  tool  is  then  fed  to  the  work  by  means  of  the  feed 
handle  attached  to  the  compound  rest. 

The  taper  attachment.  Fig.  140,  is  in  the  form  of  a  guide 
which  is  bolted  to  the  back  of  the  lathe.  It  can  be  set  at  any 
desired  angle  with  the  axis  of  the  lathe,  tlie  limit  usually  being  a 
fciper  of  about  three  inches  per  foot     The  guide  is  graduated  so 


Fia.   140. 


that  calculations  based  on  the  length  of  the  work  are  unnecessary. 
A  slide  moving  with  the  guide  is  atfciched  to  the  cross-feed  of  the 
carriage.  The  cross-feed  is  loosened,  and,  while  the  carriage  is 
moved  by  the  feeding  mechanism,  the  tool  is  moved  in  or  out 
according  to  the  direction  of  the  taper. 

One  of  the  most  important  points  to  be  observed  in  turning 
tapers  is  to  have  tlie  cutting  point  of  the  tool  exactly  level  with 
the  centers.  If  this  is  not  done,  the  work  will  not  be  truly 
conical,  and,  furtheiinore,  the  rate  of  taper  will  vary  with  each 
Succeeding  cut. 
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In  Cii.sc  an  internal  and  an  external  taper  arc  to  Ik;  tnrncd  sn 
as  to  form  a  fit,  the  internal  taper  slionld,  if  tlie  cliaraeter  of  (lie 
work  will  permit,  l>e  made  first.  After  tliis  has  lieeii  done,  llic 
external  t^iper  shonld  l»e  tnrned  and  tested  several  times  (linhn>- 
tlie  process.  The  extei-nal  taper  is  first  tnrned  as  aeenrately  as 
possible,  taking  care  tiiat  tiie  piece  he  made  a  trifle  too  large. 
Draw  a  chalk  line  on  the  external  tajier,  from  one  end  d.  the 
other,  press  the  tapers  together,  and  give  one  of  tliem  u  sliglit 
twist.  On  separating  the  tapere,  the  rubbing  of  the  chalk  will 
show  where  the  work  was  in  contact,  and,  by  resetting  the  lathe 
and  repeating  the  process,  a  ver}'  accurate  fit  can  be  obtained. 

Siiafting  is  usually  turned  -^^  inch  less  than  tlie  nominal 
diameter.  For  instance,  instead  of  a  shaft  2  inches  in  diamet(!r, 
one  of  1 J^  inches  in  diameter  is  used.  The  reason  is  tiiatiron  of  a 
nominal  diameter  of  2  inches,  usually  j'.,  inch  over  size,  can  be  used. 
Hefore  turning  a  length  of  shafting,  the  rough  bar  slionld  be  care- 
fully stniightened.  After  tlie  center  holes  have  bei-n  drilled  and 
the  piece  placed  in  the  lathe,  the  work  can  be  turned  anil  the 
eccentric  portions  marked  with  chalk.  When  this  has  lieen  done, 
the  bar  should  be  removed  from  the  lathe  and  sprung  back  into 
true  aiigninent.  It  is  well  to  tike  two  cuts  iov  finishing  shafting, 
one  for  the  roughing  cut  and  mie  \ery  fine  finishing  cut.  Tlio 
tool  for  the  latter  part  of  the  work  should  be  kei)t  flooded  in  oil, 
or  a  solution  of  sal  smla.  H  the  work  is  light,  a  tool-holder, 
carrying  both  the  roughing  and  the  finishing  tools,  should  be  used. 
This  makes  it  possible  to  do  the  work  in  what  practically  amounts 
to  the  time  of  one  cut. 

As  a  length  of  shafting  is  likely  to  sjiring  under  the  pressure 
of  the  tool,  some  method  of  preventing  such  action  must  l)e 
employed.  A  steady  rest  can  be  used!  It  is,  bfiwevei',  incon- 
venient and  must  be  frequently  moved  or  it  will  stand  too  far,  at 
times,  from  the  tools.  Furthermore,  as  the  rough  bar  will  neither 
be  truly  round  nor  concentric  with  the  centers,  it  is  necessary  to 
turn  "  spots  "  for  the  center  rest.  This  operation  takes  consider- 
able time,  owing  to  the  fact  that  very  light  cuts  inust  lie  taken  in 
order  to  avoid  springing  the  bar.  The  best  method  is  to  have  a 
ring  attached  to  the  tool-holder ;  the  internal  diameter  of  this  ring 
is  that  of  the  finished  shaft.     It  is  slipped  over  the  tail-stock  cen- 
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ter  and  follows  tlio  finishing  tool.  It  must,  of  course,  be  rigidly 
fastened  to  the  tool-bolder.  In  tliis  way  the  shaft  is  suyiported 
close  to  the  tools;  the  ring  also  serves  as  a  guage  to  measure  the 
diameter  of  the  shaft.  If,  for  any  reason,  the  tools  turn  to  a 
larcrer  diameter  than  the  inside  of  the  ring,  iiot.ee  is  immediately 
served  upon  the  workmen   to  that  effect  by  the  binding  iu  the 

Eccentric  Turning.  Up  to  this  ])oint,  the  work  described  for 
the  lathe  has  been  of  the  kind  in  which  the  turning  is  done  on 
work  concentric  with  the  lathe  centers.  There  are  other  classes 
of  work  that  are  offset  and  for  which  special  provisions  must  be 


Fig.  141. 

made.     Of  course  the  surface  being  turned  must  always  be  con- 
centric  with  the  sj)indle. 

The  turning  of  crank  shafts  presents  conditions  where  there 
are  two  cylindrical  portions,  each  parallel  to  and  concentric  with 
the  lathe  axis  while  being  turned,  but  eccentric  with  regard  to 
each  other.  In  Hg,  141  such  a  shaft  is  shown.  This  may  be 
either  a  casting  or  a  forging.  If  cast,  it  is  common  to  have  a 
small  web,  shown  at  J,  in  the  original  casting  to  take  the  thrust 
of  the  centers  while  turning  the  shaft  portions  C  and  D.  After 
centering  the  work  at  A  and  B,  the  shaft  is  placed  in  the  lathe, 
and  the  ends  A  and  B  squared  uj),  and  surfaces  C  and  D  roughed 
out.  If  a  forging  is  being  worked,  it  will  be  neccessary  to  insert  a 
wooden  block  at  the  point  J.     Two  lugs  or  ears  K  are  provided 
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to  fit  titjlitly  on  the  rough  turned  shaft,  the  distance  from  the 
center  of  L  to  tlic  center  ^f  beincr  e(]ual  tii  one  half  tlie  throw  of 
the  crank.  These  lugs  are  attached  to  the  ends  of  the  shaft,  so 
that  a  line  joining  the  centers  M  will  pass  tlirougli  the  axis  of 
the  crank  pin  G.  Blacks  are  now  placed  between  the  lugs  and 
the  crank  pin,  the  web  or  block  at  J  removed,  and  the  pin  turned 
on  the  new  centers  MM.  The  crank  pin 
G  is  roughed  and  finished,  and  the  shoul- 
dtis  II  and  I  faced,  at  this  time.  Jlemov- 
ing  the  Inrrs  and  blocks,  the  surfaces  C 
and  D  are  finished  and  the  shoulders  E 
and  F  faced  on  the  centers  A  and  13.  If 
the  shaft  is  of  any  considerable  weight,  it 
should  be  counter-balanced  by  attaching 
weights  to  the  faceplate.  The  reason  for 
not  finishing  the  shaft  at  the  first  opera- 
tion, is  thatremoving  the  scale  from  a  casting  or  the  outer  skin 
from  a  forging  releases  internal  stresses  which  are  likely  to  change 
the  shape  of  the  piece.  As  a  general  rule,  a  piece  of  work  should 
be  completely  roughed  out,  if  possible,  before  any  finishing  cuts  are 
taken.  The  change  in  shape,  due  to  the  removal  of  the  outer  por- 
tion of  the  stock,  does  not  all  take  place  immediately;  and,  if  very 
accurate  results  are  desired,  it  is  good  practice  to  allow  the  roughed 
work  to  stand  some  time  before  tinishing. 


Fij,'.  14.3. 

Turning  an  Eccentric.  As  far  as  its  use  in  mechanism  is 
concerned,  an  eccentric  is  the  equivalent  of  a  small  crank,  but  it 
requires  very  different  treatment  in  the  lathe.  In  the  first  place, 
it  is  not  usually  made  solid  with  the  shaft,  but  is  a  comparatively 
thin  casting  or  forging  which  is  fastened  to  the  shaft  by  set 
screws  or  keys.     The  general  shape  is  shown  in  Fig.  142,  and 
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consists  of  the  eccentric  projx^r  and  a  Loss  to  reinforce  the  shaft 
hole  ;  this  boss  usually  being  on  but  one  side  of  the  casting.  In 
Fig.  142,  A  is  the  center  of  tlie  eccentric  and  B  the  center  of  the 
shaft. 

Small  eccentrics,  especially  those  having  a  throw  less  than  tlie 
dianiet*?r  of  the  shaft,  may  be  finished  in  the  follov.dng  manner: 
Tlie  easting  is  grasped  in  an  indejieudent  chuck,  one  having  four 
jaws  beuig  preferred,  with  the  boss  or  hulj  running  as  nearly  true 


Fig.  144. 


as  possible.  The  projecting  .face  of  the  eccentric,  together  with 
the  outside  and  face  of  the  hub,  may  be  machined,  and  the  ht)le 
can  be  trued  up  with  a  boring  tool  or  by  the  use  of  the  chuck  drill 
and  reamer.  In  either  case,  it  is  advisable  to  obfcun  the  exact 
diameter  by  using  a  fiuisliing  reamer.  The  eccentric  may  now  be 
placed  on  a  special  mandrel,  shown  in  Fig.  143,  which  has  an 
extra  set  of  center  holes.  A  .line  connecting  these  holes  is  paral- 
lel to  the  axis  of  the  mandrel,  and  at  a  distauce  from  it  equal  to  one- 
half  the  throw  of  the  eccentric.  It  is  obvious  tliat  this  mandrel  is 
the  equivalent  of  the  shaft  and  lugs  used  in  turning  solid  crank 
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pins.  On  these  extra  centers  the  outside  of  the  eccentric  intiy  he 
turned,  and,  on  the  i-cgnhir  centers,  tlie  hack  or  j)hiin  fnce  can 
also  he  finislieih  Tliis  conijiletcs  the  eccentric  as  far  as  tlie  latlio 
is  concerned. 

Large  and  lieavy  eccentrics  are  preferahly  fniislied  on  a  face- 
plate. The  i)lain  side  or  hack  having  heen  previously  niadiined, 
the  eccentric  is  clamped  to  the  faceplate  witli  the  hnl»  rinniino 
true,  shown  dotted  in  Fig.  144,  and  the  face  of  the  hnit  and  the 
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hole  are  finisl'.pd  as  in  the  case  of  the  small  eccentric  held  in  the 
cliuck.  Tlie  diameter  of  the  hole  heing  comparatively  large,  a 
reamer  is  not  generally  used.  The  eccentric  is  now  moved  on  the 
faceplate  a  distance  eijual  to  one-half  the  throw  of  the  eccentric, 
Ijringing  the  outer  surface  concentric  with  the  lathe  axis,  as  shown 
hy  the  full  lines,  and  the  clamps  placed  so  as  to  allow  the  outside 
to  1)c  turned.  It  is  often  necessary  to  balance  the  Avork  hy  coun- 
terweights, in  order  to  have  the  lathe  run  steadily.  This  is  shown 
at  I)  in  Fitr.  144. 


Boring.  The  horiiig  of  holes  sometimes  calls  for  a  length 
and  strength  of  tool  that  cannot  he  readily  attained  with  the  ordi- 
nary boring  tool.  A  great  deal  of  such  boring  is  done  with 
double-headed  tools,  'i'hese  tools  are  held  in  bars  and  cut  at 
each  end.     An  ordinary  form  of  such  a  tool  is  shown  iu  Fig.  140. 
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The  tdiil  A  is  turned  and  fitted  so  that  Avlien  placed  in  the  har  it 
is  central  with  the  centers  of  the  latter.  It  is  held  in  position  hy 
the  key  B.  It  cuts  at  each  end.  Such  a  tool  may  be  made 
to  do  very  rapid  work.  It  is  extensively  used  for  borintr  in 
places  where  a  piece  vf  work  must  he  duplicated  a  great  number 
of  times. 

Tools  of  this  character  are  used  for  finishing.  After  the  cut 
lias  been  started  the  tool  should  not  be  stop]^)ed  until  the  cut  has 
been  completed.  If  it  is  stopped  there  will  be  a  ledge  in  the  bore 
at  that  point.  The  reason  for  this  is  due  to  the  springing  of  the 
metiil  and  the  contraction  due  to  cooling  while  at  rest.  The  tools 
used  for  fiuishinof  usuallv  have  a  broad  surface.     Those  used  for 


the  roughing-cut  are  narrower  ;  they  wear  more  rapidly  than  the 
finishing  took  and  are  usually  adjustable.  A  roughing  tool  may 
be  held  by  a  wedge  as  shown  at  B.  Such  a  tool  is  placed  in  posi- 
tion and  the  wedge  tightened  just  enough  to  hold  it.  The  adjust- 
ment of  the  tool  is  then  obtained  bv  tapping  it  with  the  hammer. 
It  is  then  held  firmly  by  driving  the  wedge.  An  excellent  exam- 
ple of  this  style  of  ^vork  is  found  in  the  boring  of  engine  cjdin- 
ders.  Special  machines  are  used  f(U-  such  work.  The  greater 
portion  of  it,  however,  is  done  in  an  ordinary  lathe  with  a  boring 
Iwr,  as  shown  in  Fig.  14ti.  It  consists  of  a  heavy  bar  A,  upon 
which  there  is  a  stiff  traveling  head  15.  The  latter  carries  the 
tool  C,  which  may  or  may  not  be  capal)le  of  a  transverse  adjust- 
tiient.     The  head  moves  lonoitudinallv  over  the  bar  and  is  held, 
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adjusted  and  fed  by  the  screw  D.  At  one  end  of  the  screw  there 
is  a  star  wheel,  K,  by  which  it  is  turned.  As  the  bar  revolves, 
one  arm  strikes  against  a  stop  at  each  revolution.  This  turns  the 
screw  by  an  amount  proportional  to  tlie  numl)er  of  arms  in  the 
stiir.  For  example,  if  tliere  are  six  arms  in  the  star,  the  latter 
will  be  turned  one-sixth  of  a  revolution  for  each  revolution  of  the 
boring  bar.  As  tlie  screw  turns,  it  moves  th<?  head  along  the  bar 
by  an  amount  proportional  to  the  pitch  of  its  thread  and  the  rays 
or  arms  in  the  star.  This  forms  the  feed  of  the  tool.  For  exam- 
|de,  if  a  star  has  four  arms,  and  is  keyed  to  a  screw  of  eight 
threads  to  the  incli,  then  for  each  revohitiou  of  tlie  bar  the  head 
will  be  advanced  jV  of  an  inch.  Another  form  of  boring  bar  is 
shown  in  Fig.  147. 

Boring  bars  \vith  fixed  tools  are  also  used.  In  such  cases  the 
work  is  caused  to  travel  Iteneath  the  bar  as  it  is  turned.  A  case 
of  this  kind  occurs  in  the  boring  out  of  Imisses  for  railroad  cars. 

It  may  be  stilted  that,  in  general,  all  metal  work  should  lie 
finished  in  the  position  which  it  is  eventually  to  occupy.     Tiiis  is 
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Fig.   148.  Fig.  149. 

due  to  its  tendency  to  spring  out  of  shajH)  under  tlie  influence  of 
its  own  weight.  For  small  articles  tliis  influence  is  inappreciable. 
For  large  pieces  it  is  sometimes  quite  ap[)arent. 


SCREW   CUTTING. 

Tiie  tools  used  for  cutting  threads  are  called  screiv-aitting 
tniih.  Thesi!  tools  are  used  in  the  lathe  in  the  same  manner  as 
the  diamond  point  and  round-nosed  tools.  T!ie  cutting  edge  of 
the  tool  must  be  of  the  same  shape  as  the  space  between  the  fin- 
ished threads. 

There  are  five  types  of  screw  threads  commonly  used  in  this 
country:  the  V  thread,  shown  in  Fig.  148,  has  the  form  of  an 
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equilateral  triangle  with  an  angle  of  60°.  It  is  sharp  at  the  top 
and  bottom.  This  tiiread  is  difficult  to  cut  because  of  the  trouble 
ex^ierienced  in  keeping  the  point  of  the  tool  sharp. 

A  niaditied  form   of    V   thread,   known  as   the   Sellers,  the 
Franklin  Institute,  or  the  United  States  Standard,  is  shown  in 
Fig.  149.     This  thread  has  au  angle  of  60°,  with  the  top  and  bot- 
tom flattened  for  one-eighth  of  its  depth. 
It  is  stronger  than  the  V-shaped  thread, 
and  permits  greater  accuracy  iu  cutting. 

Another  form  in  common  use  is 
the  square  thread.  This  is  shown  in 
Fig.  150.  The  thread  and  space  are 
of  the  same  width.  These  screws  are 
used  when  heavy  work  is  done,  such  as  iu  jack-screws  and  presses. 

The  Whitworth  thread  is  similar  to  the  United  States  Stand- 
ard ;  the  slight  differences  are  as  follows :  the  sides  form  au  angle 
of  5.5°  instead  of  60°,  and  the  top  and  bottom  are  rounded  instead 
of  flat. 

The  fifth  type,  the  Acme  thread,  is  similar  to  the  s(]^uare 
form.  The  difference  is  that  the  sides  incline  14|-°  from  those  of 
the  square  thread.     This  form  of  thread  is  much  used  for  lathe 
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lead  screws  and  for  giving  motion  to  sliding  parts  of  fine  instru 
ments,  hecauss  the  thread  is  much  stronger  than  the  square  form, 
and  the  lost  motion  can  be  taken  up  by  simply  closing  the  nut" 
halves  nearer  together. 

The  tool  used  for  cutting  square  threads  is  shown  in  Fig. 
151.  It  is  of  the  proper  thickness  at  the  cutting  edge,  but  is 
somewhat  narrower  back  of  this  point.  The  sides  of  the  tool  are 
ipclined  to  tlie  body,  as  shown  at  A  B,  Fig.  151 ;  the  amount  of 
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tliis  inclination  varies  with  tlie  pitcli  of  the  tliread  and  tlie  diam- 
eter of  tlic  i)iece  on  which  the  tiiread  Ls  to  l)e  cut.  To  lind  the 
inclination,  dr.iw  an  indefinite  straight  line  A  C  and  at  right 
angles  to  it  draw  C  I).  Make  the  length  of  CI  I)  equal  to  the 
eireuniference  of  the  thread  to  he  cut,  measured  at  the  root  of 
the  thread.  On  A  C  lay  off  from  C  a  disUince  (B  C)  equal  to 
tile  i)iteh ;  then  draw  H  D.  'I'his  line  will  represent  the  angle 
of  the  side  of  the  thread.  The  angle  of  the  side  of  the  cutting 
tool  must  1)L-  a  little  greater  for  clearance. 

For  cutting  insiJi'  threads, 
the  shape  of  the  cutting  edge  of 
the  tool  should  he  the  same  as  for 
cutting  an  outside  thread,  hut  the 
tool  must  l)e  made  so  that  the  cut- 

tinw  edsre  alone  touches  the  work. 
I'l"    ii.i. 

This   is   accom[)lished    h^'  hending 

the  tool  as  sho^^n  in  Fig.  l-")3  and  giving  it  considerai)le  clear- 
ance. 

Standard  Screw  Threads.  When  screw  threads  are  to  he 
cut,  the  pitch  used  depends  upon  the  outside  diameter  of  the  har. 
A  standard  has  Ijeen  adopted  l»y  all  of  the  leading  technical 
societies  of  the  United  Sfaites,  and  is  known  as  the  United  Stiites 
Stnndanl.  The  tahle  (see  opi)osite  page)  gives  the  outside  di- 
ameter of  the  screw  from  i  inch  to  6  inches  in  diameter,  with 
the  numher  of  threads  per  inch  to  he  cut. 

In  placing  the  tool  for  any  form  of  thread,  the  point  of  the 
tool  must  he  exactly  level  with  the  center,  and  a  line  at  right 
angles  to  the  axis  of  the  lathe 
must  hisect  the  angle  of  the 
tool  point.  In  order  that  these 
Conditions  may  he  fulfilled,  a 
thread  or  center  gauge,  Fig.  1.^4, 
is  used.  In  this  tool,  the  an- 
gles, A,  B,  and  C  are  made  ex- 
actly (30".     The  two  opposite  sides  are  parallel.     The  angle  A  at 
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the  end  is  used  for  grinding  the  tool.  The  sides  of  the  latter 
are  made  to  touch  all  along  the  edge.  Ff)r  setting  the  tool,  the 
upjier   parallel  side  is  held  against  the  face  of   the  work   in  a 
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liiir'izoiitiil  position.  Tiic  tool  is  tlii'ii  set  so  that  its  sides  toiicii 
aioii<T  die  edges  of  the  iioteli  15.  The  angle  C  is  used  to  gauge 
the  tlnead  after  it  is  cut. 


UNITED  STATES  STANDARD  SCREW  THREADS. 
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The  measurement  of  fine  threads  is  a  diflicult  matter  where 
an  ordinary  rule  is  used  and  the  threads  l)et\veen  the  ineli  marks 
are  counted.  For  this 
purpose  a  pitch  gauge, 
Fig.  155,  is  iised.  The 
gauges  are  short  screw 
sections  on  thin  sheets  of 
metal.  To  ascertain  the 
pitch  of  any  thread,  set 
tlie  gauges  over  it  suc- 
cessively until  one  is 
found  that  exactly  fits. 
The  figures  stamped 
thereon  will  give  the  num- 
ber of  threads  per  inch. 

The  cutting  of  a  thread  demands  that  there  shall  he  a  certain 
definite  ratio  of  motion  between  the  rotation  of  the  work  and  tlie 
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travel  of  the  carriage.  When  a  right-lianded  screw  is  to  be  cut, 
tlie  carriage  travels  from  right  to  left.  For  example,  if  a  screw 
having  a  pitch  of  i  inch,  or  with  four  threads  to  the  inch,  as  it  is 
usually  expressed,  is  to  be  cvit,  the  spindle  must  make  four  revolu- 
tions while  the  carriage  is  moving  one  inch  along  the  bed.  If  the 
screw  is  to  have  eight  threads  to  the  inch,  the  spindle  nuist  make 
eight  revolutions  to  each  inch  of  motion  of  the  carriage  or  tool ;  if 
six  thi"eads,  then  six  revolutions  to  the  inch  of  motion,  etc. 

If,  then,  the  lead  screw  is  cut  witii  four  threads  to  the  inch,  it 
is  evident  that  the  speed  of  rotation  of  the  spindle  and  of  the 
screw  must  be  the  same,  in  oixler  to  cut  a  screw  of  four  threads  to 
the  inch.  For  each  revolution  of  the  lead  screw,  the  carriage 
moves  tiie  distance  of  the  pitcli  of  the  same  or  i  inch.  Hence, 
the  gears,  J  and  L,  Fig.  91,  must  have  the  same  number  of  teeth. 
When  a  screw  of  eight  threads  per  inch  is  to  be  cut,  the  spindle 
must  make  twice  as  many  revolutions  as  the  lead  screw.  Then, 
for  each  revolution  of  the  spindle,  the  lead  screw  makes  half  a 
revolution  and  thus  moves  the  carriage  J  in('h.  In  this  case,  the 
screw  gear  L  must  have  twice  as  many  teeth  as  the  spindle  gear 
J.  For  six  threads,  the  ratio  of  revolutions  between  spindle  and 
screw  is  IJ  to  1.  This  requires  lA  times  as  many  teeth  in  the 
screw  gear  L  as  in  the  spindle  gear  J. 

The  rule  for  finding  the  geaivto  be  used  on  the  spindle  and 
lead  screw  is :  Multiply  the  number  of  threads  on  the  lead  screw 
and  the  numljer  of  threads  to  be  cut  by  the  same  number;  the 
products  will  equal  the  numbers  of  teeth  on  the  gears  to  be 
used. 

Suppose  the  lead  screw  has  four  threads  per  inch,  and  ten 
threads  per  inch  are  to  be  cut.  Multiply  both  numbers  by  any 
convenient  number,  such  as  3.  Then  the  gears  should  have  12 
teeth  and  30  teeth. 

Let  a  =  the  number  of  threads  per  incli  on  the  lead  screw, 
b  =  the  numljer  of  threads  per  inch  to  be  cut, 
<?  =  a  convenient  number, 
a  c  =  the  number  of  teeth  of  gear  on  spindle, 
6  e  =  the  number  of  teeth  of  gear  on  lead  screw. 

If  the  gears  thus  foimd  are  not  at  hand,  multiply  by  some 
other  number.     Thus,  suppose  gears  of  30  and  12  teeth  were  not 
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available,  multiply  -i  and  10  by  -i  or  by  5  or  any  other  nunil)er 
that  would  give  the  number  of  teeth  on  the  gears  at  hand. 

Another  way  to  find  the  gears  is  to  remember  that  the  num- 
ber of  threads  to  be  cut  is  to  the  number  on  the  lead  screw  as 
tlie  nnml)er  of  teeth  on  the  screw  gear  is  to  the  number  of  teeth 
on  the  spmdle  gear. 


EXAMPLES    FOR    PRACTICE. 

(1)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
ratio  of  geai-s  to  be  used  to  cut  a  screw  with  9  ttreads  to  the 
inch?     If    one  gear  has  24  teeth,  how  many  should  tlie  other 

have?  Alls  ^-^^  ^^ 

teeth. 


■It 


(2)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  tlie 
ratio  of  gears  to  be  used  to  cut  a  screw  with  16  threads  to  the 
inch  ?  Ans.  1 :  4. 

(3)  The  lead  screw  has  a  pitch  of  J  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  12  threads  to  the 
inch  ?  Ans.  1 :  4. 

In  these  cases  the  actual  number  of  teeth  on  the  gears  to  be 
used  is  obtained  bj  multiplying  the  ratio  by  some  common 
multiple.  Thus  in  example  1,  multiplying  by  10  gives  40  teeth 
for  the  spindle  gear  and  90  for  the  screw  gear.  In  example  2, 
multiplying  by  20  gives  20  teeth  for  the  spindle  and  80  for  the 
screw  gear;  and  the  same  result  is  obtained  by  using  the  same 
multiple  for  example  3. 

Every  screw-cutting  lathe  is  provided  with  a  set  of  gears 
from  which  selections  can  be  made.  In  order  to  facilitate  the 
choice  of  the  gears  to  be  used,  a  gear  table  is  usually  cast  in 
raised  letters  and  screwed  to  the  front  piece  of  the  headstcck. 
This  table  shows  the  gears  to  be  used  for  cutting  such  threads  as 
may  be  enumerated  on  the  table. 

It  is  sometimes  necessarj-  to  cut  a  screw  for  which  there  are 
no  gears  to  make  a  direct  connection.  This  necessitates  the 
compounding  of  the  gears  on  the  intermediate  spindle  to  replace 
the  single  gear.  This  is  done  as  shown  in  Fig  156,  in  wnich  A 
represents  the  spindle  and  B   the  screw.     Suppose,  with  a  lead 
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screw  having  three  threads  Ui  the  iiieh,  it  is  desired  to  cut  a,  screw 
having  thirteen,  'i'his  makes  the  ratio  of  tx'eth  on  tlie  spindlo 
gear  to  those  on  the  screw  as  3  to  18.  The  work  can  bo  (hine 
with  spindle  gcai's  liaving  If),  oO,  or  45  teeth  witli  screw  gears 
having  G5,  130,  and  19o  teetli  respectively.  If  it  is  found  that 
there  are  no  geai-s  liaving  l'),  45,  130,  or  195  teeth  on  hand,  coni- 
ponnding  must  be  resorted  to.     To  determine   the  gears  to  bo 
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Compound  Gear. 


Simple  Gear. 


used  it  must  be  remembered  tiiat  t/ie  product  of  the  numhers  of 
r.eeth  in  the  driving  gears  must  be  to  the  product  of  the  numbers 
of  teeth  of  the  driven  gears,  as  the  number  of  threads  per  inch 
o'l  the  lead  screw  is  to  the  number  to  be  cut.  In  this  ease  it  is 
as  3  to  13.  Multiply  each  of  these  figures  by  any  convenient 
multiple.    In  the  example  in  hand,  let  the  multiple  be  200.    Then 

3  X  200  _  3x2x2x2  x5x5 
13  X  200  "13x2x2x2x5x5' 

Select  from  the  factors  thus  obtained  two  sets,  each  of  which, 
when  multiplied  together,  will  give  products  etjual  to  the  numl^er 
of  teeth  that  are  on  hand. 
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Tims  ill  tlic  nuniciiitor  wc  may  t;ike  3x2x5  aiul  "  x  2  x  5 
giving  ;]0  and  20  as  gears  that  are  to  l.e  used  as  the  sj^ndhi  and 
intermediate    drivers   re- 
side tivel  v. 

For  th6  demmiiiiatdr 
take  13  X  0  and  2x2x5 
X  2  or  (55  and  40,  for  the 
driven  gears  of  the  inter- 
mediate stud  and  the  screw 
respectively.  Placing  theso 
in  position  as  in  Fig.  157, 
we  have, 

Gear  A  with  30  teetii. 
Gear  0  with  65  teeth. 
Gear  D  with  20  teeth. 
Gear  B  with  40  teeth. 

It  is  desired  ti)  cut  a 
screw  with  11  threads  to 
•  the  inch  on  a  lathe  having 
a  lead  screw  with  a  pitch 
of  i  inch.  The  gears 
available  have  30,  40,  45,  50,  55,  60,  65,  70,  80,  90,  and  100  teeth 
resijectively.     What  ones  are  to  he  used  and  where? 

f  Spindle  40  teeth 

Ans.  \  Intermediate  driven  55  teeth 
i  Intermediate  driver  50  teeth 
[Screw  100  teeth. 

Many  screw-cutting  lathes  are  not  made  with  an  extension  of 
the  spindle  to  receive  the  first  gear,  but  a  short  shaft  or  stud  pro- 
jects from  the  headstock  for  this  purpose.  This  stud  is  geared  to 
the  spindle,  and  the  ratio  of  this  gearing  must  be  considered-  when 
calculating  the  gears  for  screw-cutting.  For  example,  suppose  we 
wish  to  cut  twelve  threads  per  inch  in  a  Lithe  having  a  lead  screw 
with  eight  threads  per  inch  and  a  ratio  of  two  to  one  between  the 
spindle  and  the  stud.  In  other  words,  the  stud  runs  half  as  fast 
as  the  spindle.  As  we  have  seen  in  the  previous  examples,  the 
ratio  between   the  spindle  and  the  lead  screw  must  be  1 2  to  8 
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Tlie  first  gear  is  not  attached  to  the  spindle,  but  to  the  stud, 
which  makes  six  revolutions  to  twelve  of  the  spindle.  Therefore, 
the  ratio  between  the  stud  and  the  lead  screw,  where  the  gears 
are  actually  applied,  must  l)e  6  to  8.  Multiplying  hy  6  will  give 
30  and  48  as  the  number  of  teeth  in  two  gears  which  may  be 
used. 

In  general,  the  data  that  must  be  given  to  calculate  the 
change  gears  for  screw-cutting  are  the  number  of  threads  jier  inch 
to  be  cut  on  the  work,  the  number  of  threads  \xir  inch  on  the 
lead  screw,  and  the  speed  ratio  between  the  spindle  and  tlie  stud, 
if  a  stud  is  used. 

The  following  examples  may  be  taken  as  applying  to  either 
right-  or  leftrhand  threads.  The  change  of  direction  in  the  travel 
of  the  carriage  is  obtidned  by  introducing  an  extra  gear  into  t\w. 
train,  thus  reversing  the  rotiition  of  the  lead  screw. 

The  following  description  of  the  method  of  cutting  a  "V" 
thread  will  suffice  to  illustrate  the  cutting  of  any  form,  with  the 
slight  changes  which  are  necessary  in  the  other  forms  due  to  the 
shajie  of  the  tool  employed. 

To  cut  an  ordinary  V  thread,  a  V-pointed  tool  having  an 
angle  of  60°,  and  set  so  that  a  line  at  right  angles  to  the  lathe 
axis  bisects  the  tool  angle,  and  also  set  exactly  at  the  height  of 
tlie  center,  is  caused  to  move  at  a  constant  rate  parallel  to  the 
work  surf<ace,  while  the  work  is  being  uniformly  rotated. 

The  relation  between  the  rotary  motion  of  the  work  and  the 
lateral  movement  of  the  tool,  determines  the  pitch  of  the  thread 
being  cut,  and  the  mechanism  connecting  the  work  and  the  tool 
must  be  of  a  positive  character;  thus  eliminating  transmission  liy 
belts  and  other  frictional  devices. 

Owing  to  the  lost  motion  or  "back  lash"  in  the  mechanism 
connecting  the  tool  and  the  work,  the  tool  cannot  be  returned  to 
the  starting  point  for  a  new  and  deejier  cut  by  simply  reversing 
the  lathe.  The  tool  must  be  withdrawn,  the  lathe  reversed,  the 
tool  returned  to  the  starting  point,  and  then  advanced  for  the  new 
cut  To  place  the  tool  for  the  new  cut  with  accuracy,  a  stop  or 
graduated  device  is  provided. 

If  removed  from  the  lathe  for  testing,  care  should  be  taken 
in  replacing  the  work  to  get  the  tail  of  the  dog  in  the  same  slot 
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in  the  face  plate  that  was  used  to  cut  the  original  thread ;  this 
cau  be  done  Ity  marking  or  otherwise  indicating  it. 

Chasing.  The  ordinary  methods  of  cutting  screws  have 
already  been  described.  Where  great  accuracy  is  not  necessary, 
the  threads  may  be  chased  by 
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hand.    A  chaser,  or  chasing  tool, 

differs    from    the    ordinary 

thread-cutting    tool,  in    that    it 

has  a  number  of  cutting  points 

instead  of    but   one.     W'hen   a 

ciiaser  is  operated  by  a  power 

feed,  it  is  customary  to  have  a 

shaft  revolving  at  the  same  rate 

or  at  an  even  multiple  of  the 

rate  of  the  lathe  spindle.     This 

sliaft   carries    a   master   thread 

into  which  a  section  of   a  nut 

drofis.     The    handle    connected 

with   the  nut   carries  the  chas-  pi„  j-g 

ing  tool.     When  the  nut  is  in 

contact,  the  tool  is  cutting.     At  the  end  of  the  cut,  the  tool  is 

lifted  out,  and  with  it  the  nut  disengages  with  the  tliread. 

Hand-chasing  requires  a 
great  deal  of  skill  in  order  that 
a  good  piece  of  work  may  be 
done.  The  chasing  tool  has  a 
number  of  points  as  shown  in 
Fig.  158.  The  work  must  be 
run  rapidly  in  the  lathe.  The 
tool  is  held  in  both  hands,  and 
is  supported  on  a  rest  similar  to 
that  shown  for  the  hand-turning 
tools  in  Fig.  86.  The  first  left- 
hand  tooth  of  the  chaser  is 
brought  lightly  against  the  right- 
hand  edge  of  the  work.     The  handle  is  given  a  quick  twist  from 

left  to  right  throwing  the  teeth  in  the   opposite  direction.     It  is 

well    after   the    first   twist,   to    stop  the  lathe    and  examine  the 
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work.  If  tlio  operation  lias  _l)ct'n  properly  pcrformcil,  ilio  sec- 
ond tooth  will  Ik!  found  to  have  entered  the  groove  made  liy 
the  lirst.  A  short  length  of  thread  will  have  heeii  eut,  the  jiiUli 
iieing  tlie  same  as  that  of  the  .liascr.  If  this  is  correct,  the  lathe 
may  again  he  started  and  the  chaser  apiilicd  as  hefore.  On  the 
second  trial  the  thread  may  he  rnn  to  its  full  length.  The  iinish- 
ing  of  the  thread  is  done  hy  merely  repeating  the  oi)eration.  A 
fine  cut  is  tiiken  with  each  api)lieation  of  the  chaser  for  the  whole 
length  of  the  thread  nntil  the  full  depth  has  heen  ent.  In  doing 
this  work,  the  rear  or  right-hand  side  of  the  chaser  should  he 
pressed  more  tiir/.'.y  against  the  i)ieee  heing  eut  than  the  front, 
hecause  the  threads  with  which  that  portion  of 
the  tool  is  engaged  are  more  deeply  cut  than  at 
the,  front.  In  addition  to  cutting,  these  teeth 
also  guide  the  I'ront.  'I'hc  reason  for  miming 
the  lathe  at  a  liigh  rate  of  s[)e.ed,  is  that  the 
movement  of  the  cba.ser  is  less  likely  to  he 
cheeked  or  thrown  aside  by  seams  or  ine(|nali- 
ties  in  the  density  of  the  met4d  than  il  would 
he  if  the  lathe  were  to  run  slowly,  inside 
tlireading  may  he  done  hy  means  of  the  inside 
chaser  shown  in  Fig.  loO. 

Drilling  in  the  Lathe.  'Die  lathe  can  also 
l>e  used  for  drilling.  When  such  work  is  to 
be  done,  the  drill  may  be  held  in  the  spindle 
and  the  work  forced  np  against  it  hy  the 
screw  of  the  tail  stock :  or  the  work  may  be 
revolved  and  the'drill  forced  in  hy  the  tail-stock  screw.  When 
the  first  method  is  followed  the  drill  may  be  pnt  into  a  s(jcket 
prepared  for  it  in  the  spindle  of  the  lathe,  or  the  drill  may  be 
held  by  a  drill  chuck  as  shown  in  Fig.  1(30.  This  chuck  may  be 
used  in  the  tail-stock  to  bold  twist  drills,  or  to  hold  flat  drills 
which  are  forged  from  round  stock.  Flat  drills  made  from  flat 
stock  are  centered  at  the  rear  end  and  held  against,  and  fed  for- 
ward by,  the  dead  center.  In  this  case,  a  slotted  rest  held  in  the 
tool  post  prevents  the  drill  from  turning  (see  Fig.  60)  and  ai.ls  in 
starting  the  drill  true. 

When  the  drill  is  held  in  the  liead  stock,  the  work   may  De 
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fastened  to  the  carriage  and  fed  against  the  drill,  or  it  may  he  held 
hy  means  of  a  siiitahle  device  held  in  the  tail  stock.  For  this 
purpose  tlie  drill  pad,  shown  in  Fig.  161,  may  be  used,  and  es- 
pecially if  the  work  be  flat.     The  V  center,  shown  in  Fig.  162,  is 


used  wlicu  it  is  desired  tu  drill  tinough  tin:  axis  of  a  j)iece  of 
round  stock.  Tiio  shape  of  the  groove  prevents  the  work  from 
turning  ami  the  angle  being  always  in  the  axis  of  the  lathe  deter- 
mines accurately  the  location  of  the  hole. 


THE   DRILL   PRESS. 

This  tool  is  made  in  a  great  variety  of  forms,  according  to 
the  class  of  work  it  is  intended  to  perform.  The  form  illustrated 
in  Fig.  163  is  one  of  the  standard  makes.  The  mechanism  is 
very  simple  and  will  be  briefly  explained. 

The  frame  consists  of  a  strong  column  A,  securely  bolted  to 
a  heavy  base-plate  B.  Power  is  delivered  to  the  macliine  by 
means  of  a  belt  nmning  over  the  cone  pulley  C.  The  shaft  upon 
which  this  cone  pulley  turns,  runs  through  the  casing  D,  where, 
by  means  of  miter  gearing,  it  drives  the  vertical  drill  spindle  E. 
It  vnll  be  seen  that  there  are  four  steps  on  the  cone  pulley  C,  thus 
affording  a  means  for  securing  as  many  rates  of  revolution  of  the 
drill  spindle.     This,  however,  is  not  sufficient   to   meet  all   the 
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requirements  of  the  work  that  can  be  done  with  the  tool.  In 
oi'der  to  increase  the  range  of  available  speeds,  a  back  gear  is  used. 
Tills  is  shown  at  F.  It  consists  of  a  gear  and  puiion  keyed  to 
the  same  shaft.  Tlie  cone  pulley  C  is  loose  on  tlie  lioi'izontal 
siiaf t,  but  may  be  fastened  to  it  by  a  clAtcli  operated  by  the  lever 
(i.  The  inner  end  of  the  cone  pulley  carries  a  pinion  that  meslies 
witli  the  gear  F,  while  the  pinion  attached  to  F  meshes  with  the 
gear  U  that  is  keyed  to  the  horizonbd  shaft.  The  gear  F  and  its 
jiinion  run  loosely  on  a  journal  that  is,  in  turn,  attached  to  an 
eccentric  bearing.  By  turning  the  handle  J,  which  is  attached  to 
tlie  eccentric  bearing,  the  geai-s  may  be  thrown  in  or  out  of  mesh. 
While  the  geai-s  are  in  mesh,  the  power  passes  from  the  cone 
pulley  to  the  pinion  attached  to  it,  to  the  gear  F,  to  its  pinion, 
and  tlience  to  the  gear  II,  and  thus  turns  the  shaft.  Under  these 
circumstances  the  shaft  is  turning  much  slower  than  the  cone. 
pulley. 

The  feed,  or  downward  motion  of  the  drill  sjjiudle  may  be 
accomplished  by  hand  or  by  power.  At  the  upper  end  of  the 
drill  spindle  a  rack  is  cut,  into  whicii  a  pinion  on  the  same  shaft 
as  the  worm  wheel  I  meshes.  It  is  evident  that,  as  this  wheel 
revolves,  the  spindle  will  be  raised  or  lowered. 

The  weight  of  the  spindle  is  counterbalanced  by  the  weight 
X.  The  worm  wheel  I  is  turned  by  the  worm  K,  which  is 
rotated  by  the  hand  wheel  L.  This  serves  for  a  hand  feed.  For 
a  power  feed,  a  belt  is  made  to  drive  the  cone  wheel  M.  Tiiis 
turns  the  bevel  pinion  N,  meshing  with  the  bevel  gear  O,  that  is 
loose  on  the  feed  shaft.  It  is  fastened  to  the  latter  by  means  of 
a  small  clutch  P.  A  quick  return  of  the  spindle  is  accomplished 
by  mea-is  of  the-  handle  Q.  This  is  attached  to  the  spindle  by 
means  of  a  yoke  R.  When  the  quick  return  is  to  be  used,  the 
worm  Iv  is  thrown  out  of  mesh  with  its  wheel  by  turning  the 
handle  S. 

Tlie  table  T  may  lie  raised  or  lowered  b}'  means  of  tlie  handl^ 
U  ;  tills  drives  a  screw  in  tiie  standard  running  in  a  nut  fastened 
to  the  bracket  V.  When  the  tiible  has  been  adjusted,  it  may  be 
fastened  by  the  nuts  and  bolts  W  clamping  it  to  the  standard  A. 
When  large  work  is  to  be  drilled,  the  table  may  be  swung  out  of 
the  way  and  the  work  bolted  to  the  base  jiate  B. 
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Wliile  the  ilrill  press  just  described  may  be  taken  as  rep- 
resenting good  practice  in  the  smaller  sizes,  a  different  form 
of  construction  is  often  employed  in  larger  towls.  A  drill  press 
of  this  class  is  shown  in  Fig.  164.  Drilling  machinery  is  made 
both  horizontal  and  vertical.  A  typical  form  of  the  horizontal 
variet}-  is  shown  in  Fig.  I(i5.  These  tools  are  usually  of  heavier 
construction  and  for  a  larger  class  of  work  than  the  ordinar}- 
vertical  drill. 

Drilling  machincr}-,  both  horizontal  and  vertical,  is  some- 
limes  provided  with  more  than  one  spindle.  In  small  vertical 
drills  of  this  description,  the  spindles  are  fixed  in  their  relative 


positions  and  are  not  intended  to  be  operated  simultaneously ; 
tiie  work  is  passed  from  one  spindle  to  another.  The  true  multi- 
spindle  drill  is  for  the  pm-pose  of  di-illing  several  holes  at  one 
time  and  in  any  relative  position  within  the  limits  of  adjustment 
of  the  machine.      Such  a  drill  is  shown  in  Fig.  166. 

The  Radial  Drill.  Another  form  of  drill,  knowii  as  the 
radial,  is  being  extensively  used.     It  is  shown  in  Fig.  167. 

The  di-ill  spindle  is  carried  on  the  arm  A.  It  is  so  arranged 
that  it  can  be  set  and  run  at  any  position  on  this  arm.  At  the 
same  time~,  the  arm  may  be  swung  around  and  clamped  in  any 
vertical  or  horizontal  position  about  the  upright  B.  These  drills 
are  usually  employed  on  heiivy  work,  where  a  number  of  hnles 
are  to  be  drilled. 

In  the  case    of   the  drill  shown  in   Fig.  163,  the  work  la 
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ordinarily  light,  and  can  be  readily  shifted  so  that  the  position  of 
the  holes  can  he  brought  beneath  the  drill.  In  heavy  work,  such 
as  engine  cylinders,  however,  this  cannot  he  done.  It  is,  there- 
fore, necessary  to  he  able  to  shift  the  drill  and  j)laoe  it  in  a  posi- 
tion to  do  the  woik.     The  radial  drill  affonls  the  means  of  doinjj 


this.  When  the  vertical  spindle  cariying  the  drill  can  [)c  rotited 
in  the  vertii^al  plane,  holes  can  be  drilled,  imt  only  in  any  jxisi- 
tion,  but  also  at  any  angle.  Such  a  drill  is  calle<l  a  Universal 
Uadial. 

The  position  of  the  holes  is  usually  laid  out  for  the  guidance 
of  the  man  at  the  drUl.  The  work  is  best  done  as  shown  in 
Fig.   168.     The  center  punch  mark,  indicated  by  A,  shows  the 
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loiMtioii  (if  the  center  of  the  liole.  The  circle  upon  wliich  tlie 
pritk  |iinuli  marks  MMUB  are  placed,  gives  the  location  of 
the  circumference  of  the  liole.  1\)  drill  tiie  hole,  place  the  point 
of  the  drill  in  the  center  punch  mark  A,  and  drill  into  the  metal 
luitil  tiie  center  puncii  mark  has  been  sliijhtl}-  enlarged,  as  shown 
by  tiie  circle  (',  Fig.  1G8.  Then  raise  the  drill  and  examine  the 
work.     If  the  countersink  or  hole,  whose  circumference  is  indi- 


Fig.   167. 

cated  by  the  circle  C,  is  exactly  concentric  with  the  outer  circle 
BBBB,  then  the  drill  may  be  put  down  arud  the  hole  drilled. 

Owing,  however,  to  various  causes,  it  is  not  often  that  the 
circle  will  be  concentric.  This  may  be  due  to  an  uneven  grinding 
of  the  drill,  a  distortion  of  the  metal  by  the  center  punch,  or  an 
eccentric  motion  of  the  drill  point,  due  to  a  lack  of  truth  in  the 
running  of  the  spindle. 
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Wlieii  the  coiiiiteisiiik  is  not  concentric,  the  drill  must  be 
drawn  back  to  the  central  position.  Tlie  method  employed  is 
shown  in  Fig.  160.  The  round-nosed  ciiisel  is  used  to  cut  a 
groove,  E,  down  the  side  of  the  countei'sink,  on  the  side  that  is 
farthest  from  the  circle  BBHB.  The  depth  of  this  groove  depends 
upon  the  amount  of  eccentricitj-  of  the  countersink  and  the  deptli 
to  wliich  it  has  been  drilled.  The  diill  is  then  run  down  again 
and  tlie  groove  drilled  ojit.  The  action  of  tiiis  groove  is  as 
follows :  as  the  drill  turns,  one  cutting  edge  is  supported,  and  is 
working  into  the  face  C,  Fig.  170.  At  the  same  time  the  cutting 
edge  is  opposite  the  groove  E.     The  drill,  therefore,  springs  into 


the  groove,  as  shown.  The  lip  then  catches  on  the  edge  of  the 
groove  and  cuts  it  away,  making  the  hole  elli[)tical,  and  shifting 
tlie  center  of  the  drill  towards  its  pro[ier  position.  As  the  drill 
sinks  deeper  both  lips  are  in  conttict  with  the  faces  C  and  D,  and 
it  has  no  further  tendency  to  shift. 

When  the  groove  has  been  drilled  out,  tiicdnll  must  be  again 
raised,  to  ascertain  whether  or  not  the  countersink  is  concentric 
with  the  outer  circle  BBBB.  If  not,  another  groove  must  be  cut, 
and  the  process  repeated.  If  it  is,  the  hole  may  be  drilled.  The 
jn-ick  punch  marks  BBBIi  are  put  on  the  outer  circle  to  indicate 
its  position  in  ciise  of  the  obliteration  of  the  line  itself. 

A  twist  drill  will  usually  clear  its  hole  of  chips.  For  deep 
holes  this  may  not  occur.  It  is  then  necessary  to  withdraw  the 
drill  and  clean  out  the  hole.  This  can  be  done  by  a  piece  of  wire 
bent  at  the  end ;  also  by  using  a  "  blowpipe "  made  of  a  small 
tube,  and  bent  to  enter  the  hole,  so  that  the  chi[:>s  will  not  blow 
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up  into  the  oijenitor's  face.  Cast  iron  is  more  likely  to  need 
cleaning  than  wrougiit  iron  or  steel.  Where  flat  drills  are  used. 
it  is  always  necessary  to  clean  the  holes  at  fretiuent  intervals,  <is 
they  have  no  tendency  to  raise  the  chips  and  clear  the  holes. 

.\  matter  to  receive  due  consideration  is  that  the  work  must 
he  held  rigidly  on  the  faible  while  being  drilled.  This  may  be 
done  in  two  ways.  If  the  holes  are  to  be  drilled  with  great 
accuracy,  the  work  must  be  clamped  to  the  table.  This  is  often 
done  by  means  of  straps,  as  shown  in  Fig.  171.  In  this  figure,  a 
gland  A  is  shown  clamped  to  the  table  by  the  straps  BB.  One 
end  of  the  strap  rests  upon  the  flange  of  the  gland,  and  the  other 
upon  any  convenient  piece  of  metal  C,  of  the  proper  thickness. 
The  bolt  D  is  put  up  through  a  bole  iu  the  table  as  close  to  the 


work  as  possible.  When  the  nuts  are  screwed  down,  they  then 
put  the  greatest  available  pressure  on  the  work  and  bold  it  fast. 
Tiie  strap  B  is  made  of  flat  iron.  It  has  one  or  more  holes 
drilled  in  it  to  permit  the  passage  of  bolts. 

Another  method  of  holding  work  in  the  drill  press  is  by 
'Jieans  of  a  post.  This  is  shown  in  Fig.  172.  It  consists  of  a 
post  A,  set  loosely  in  one  of  the  boles  in  the  table.  As  the  drill 
is  forced  against  the  work,  it  tends  to  turn  the  latter  with  it. 
When  the  work  strikes  the  post,  it  is  stopjied  and  held  while  the 
Imle  is  drilled.  '•'his  will  not  hold  the  work  perfectly  steady. 
It  allows  the  latter  to  move  with  the  eccentricity  of  the  motion 
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ot  ti)e  drill,  but  it  is  in  verj'  coiiiinon  use  where  extreme 
aceuracv  is  not  cssoiitijil.  For  cxiimjile,  where  a  finished  bfilt  is 
to  be  used  with  a  driving  fit,  the  work  nuist  be  secnirely  fastened 
so  that  the  diameter  of  the  hole  may  be  true.  Where  a  machine 
bolt  made  of  rough  iron  is  to  be  used,  the  Iiole  is  drilled  -j'^-  inch 
larger  tuau  the  normal  size  of  the  bolt.     Here  accuracy  is  not 


even  attempted  ;  a  variation  of  j'^  i"'^^  ^^  the  diameter  of  the 
hole  is  of  no  account.  Therefore,  in  such  cases,  tlie  woik  may 
be  allowe(I  to  merely  rest  against  the  iK)st. 

This  question  of  holding  the  work  does  not  apply  to  drills 
of  the  nuilti-spindle  cla.ss.  It  is  evident  that  the  tendency'  of 
one  diill  to  rotate  the  work  is  coHnferaetcil  h)/  the.  action  of  another 
drill.  TliercfDrc,  no  holding  devices  are  needed  on  drills  of  moie 
than  one  spindle. 

An  angle  iron,  fonning  a  light  angle  with  the  diill  t.able, 
is  u.sed  in  many  ca.ses  Avhere  the  hole  cannot  be  prof)erly  located 
by  the  use  of  the  table  alone.  The  clamping  to  the  angle  iron 
nnist  be  very  rigid  to  resist  the  pressure  of  the  drill.  A 
tilting  table  is  sometimes  used  so  that  holes  may  be  drilled 
at  any  requii-ed  angle.  At  least  one  manufacturer  is  putting 
on  the  market  a  horizontal  drilling  machine  which  can  drill  five 
sides  of  a  cube  at  any  angle  with  but  one  setting  of  the  work. 

Drilling  machines  may  also  be  used  for  tap^nng.  This  re- 
quires a  reversing  device  for  backing  out  the  tap.  The  backing- 
out  is  done  at  a  much  higher  speed  than  the  tipping.  The  tap  is 
held  in  a  friction  head  that  will  slip  when  the  tap  strike;'  the  botr 
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toiii  of  the  hole.  The  use  of  coUapsini^  tups,  esjx;cially  on  diam- 
etei's  of  one  inch  and  over,  rendei-s  the  backing-out  luniecessary 
and  quickens  the  ojieration.  Studs  nw}-  be  set  by  tlie  same  de- 
vice, so  that  cylinder  flanges  may  be  drilled,  t;ipi)ed,  and  the 
studs  set  without  reuuiving  tlie  \v(jrk  from  the  drill.  Duplicate 
drilling  by  means  of  jigs  will  be  considered  later. 

THE   PLANER. 

Next  to  the  lathe,  the  planer  is  the  most  important  tool  in 
the  machine  shop.  As  the  name  indicates,  it  is  used  for  finish- 
ing flat  surfaces.  In  the  ordinary  planer,  the  work  is  moved  and 
the  tool  is  at  rest.  A  common  form  of  this  tool  is  shown  in  Fig. 
173.  It  consists  of  a  bed  A  upon  the  upper  surface  of  which 
suitable  guides  or  ways  are  planed.  The  platen  B  is  made  to 
travel  back  and  forth  upon  these  ways.  The  platen  has  a  rack 
on  its  under  surface  into  which .  the  gear  C  meshes.  This  gear 
is  driven  by  a  train  of  gears  from  the  shaft  canying  the  pulley 
D.  The  tool  is  carried  on  the  tool-head  E,  where  it  can  be  given 
a  slight  vertical  motion  or  feed.  This  tool-head  may  be  fed 
across  the  machine  by  the  screw  in  the  cross-rail  F.  The  latter 
may  be  raised  and  lowered  by  the  shaft  and  gearing  shown  at  the 
top.  This  gearing  turns  two  veitical  screws  running  in  nuts 
attached   to   the   cross-rail. 

The  reciprocating  motion  of  the  platen  is  obtained  as  follows : 
the  pulleys  D  and  G  are  driven  in  opposite  direction  by  belts. 
Either  one  may  be  connected  to  the  shaft  on  which  they  turn  by 
a  clutch  which  is  operated  by  the  bell  crank  lever  J.  On  the 
platen  there  are  two  adjustable  dogs  HII.  These  are  set  so  that, 
when  the  work  has  just  cleared  the  tool  in  either  direction,  one 
of  them  will  strike  against  the  upper  end  of  the  lever  I.  In  the 
illustration,  if  the  platen  is  moving  in  toward  the  right-hand  dog, 
II  will  have  Btrnek  the  lever.  As  the  platen  continues  to  move, 
the  lever  I  is  carried  to  the  right  and  the  clutch  connection 
fastenincr  the  forward  pulley  to  the  shaft  broken  and  that  of  the 
return  made.  The  motion  is  then  reversed  and  continues  until 
the  left-hand  dog  strikes  the  lever  I  and  again  changes  the  motion. 

Ordinarily  the  tool  cuts  only  when  the  platen  is  moving 
toward  the  right  Fig.  173.     As  a  result  of  this  condition,    the 
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platen  is  made  to  move  more  rapidly  in  the  direction  of  tlie 
arrow  than  in  the  reveree.  Tliis  is  accomplished  by  varying  the 
sj)eeds  of  the  pnlleys  D  and  G.  The  usual  ratio  of  the  s^Hjeds 
of  these  pulleys  is  from  1  to  2,  to  1  to  5. 

The  feed  of  the  tool   is  accomplished  by  a  friction  clutch 
driving  the  vertical  rack  K.     This  acts  only  at  a  point  near  the 


Fig.  173. 

end  of  the  travel  of   the   platen.     It   is   so    arranged    that   any 
vertical  or  horizontal  feed  may  be  given  to  the  tool. 

Planers  are  made  in  a  great  variety  of  sizes  and  styles. 
Very  frequently  there  are  three  driving  pulleys  placed  side  by 
side  on  the  same  shaft,  the  central  one  of  the  three  keyed  to  the 
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shaft.     The  reversal  ot  the  motion  of  the  platen  is  obtained  by 
shifting  one  or  the  other  of  the  belts  onto  the  central  pulley. 

Planer  Tools.  The  tools  tliat  are  used  upon  planere  do  not 
differ  essentially  from  those  described  for  ladie  work.  The  same 
rule  applies  regarding  the  holding  of  the  tool.  It  should  project 
as  short  a  distance   as  possible   beyond   the    point    of   support 


When  there  is  an  excessive  projection,  care  should  be  taken  that 
tlie  tool  is  so  set  that  it  -will  not  spring  into  the  work.  On  the 
lathe  this  can  be  prevented  by  setting  the  point  of  the  tool  on  a 
line  with  the  center.  In  Fig.  174  the  tool  tends  to  spring  and 
turn  about  the  point  A  as  a  center.  The  dotted  line  at  the  point 
shows  how  this  tends  tO  throw  it  into 
the  work.  The  same  thing  is  shown  in 
the  planer  tool  in  Fig.  175.  This  ten- 
dency can  be  overcome  by  forging  the 
tool  so  that  tlie  cutting  point  is  be- 
hind a  perpendicular  from  the  point  of 
support,  as  shown  by  the  dotted  lines  in 
Fig.  175.  In  the  latter  case  the  spring 
of  the  tool  tends  to  take  it  out  of  the 
work. 

Holding  the  Work.  The  work  is 
usuiUy  held  on  the  planer  by  clamping 
it  d.>\vn  with  straps  in  a  manner  similar 
to  that  shown  in  Fig.  171.     Where  the  Pi„   j^g 

whole  upper  surface  is  to  be  planed  over, 

holes  are  sometimes  drilled  m  the  sides,  into  whicii  the  rounded 
ends  of  straps  are  set. 
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It  is  impossible  to  give  more  than  general  directions  for 
clamping  work  on  a  planer.  A  great  variety  of  blocking,  clamps 
anil  bolts  must  Ikj  used;  such  attiichments  being  suited  to  the 
work  in  hand,  and  requiring  an  outlay  of  money  which  aeeins  to 
be  out   of  proportion    to   the    apjiearance   of    the    collection.     It 


.should  be  sutVicient  to  say  that  the  work  must  be  carefidly  set, 
strongly  clami)ed  and  braced  to  prevent  movement  by  tlie  tool; 
I  he  clamping  sliould  not  distort  the  work.  As  all  castings  and 
forgings  change  tlieir  shape  when  the  surface  is  removed,  it  is  con- 
sidered good  practice  to  release  the  clamjs  before  the  finishing 


Fig.  177. 

cut.  in  order  that  the  piece  may  assume  its  final  shape,  and  then 
reciamp  it  without  distortion. 

Angle  irons  or  knees,  as  shown    in   Fig.   176,  may  be   con- 
sidered as  an  auxiliary  table  with  a  surface  at  right  angles  to  the 
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nKtii\  table.  ]Mimy  useful  applications  of  these  Iiokliiig  devices 
will  suggest  theiuselves. 

Another  niethoil  of  holding  work  is  by  using  a  vise  such  as 
is  shown  in  Fig.  177.  The  body  is  bolted  to  the  platen  and  tlie 
work  is  held  between  the  jaw^s. 

Planer  centers,  as  illustrated  in  Fig.  178,  are  very  useful  in 
machining  parts  where  accurate  circular  spacing  is  desired,  or 
where  projecting  lugs  prevent  turning  in  the  lathe. 


Fig.  178. 


The  Plate  Planer.  A  special  form  of  planer  extensively 
used  in  boiler  .shops  and  shipyards  is  the  plate  planer,  Fig.  179. 
It  is  used  for  planing  the  edges  of  long  plates.  The  plate  is 
securely  fastened  between  the  clamps  A  and  the  bed  B.  The 
tool  is  held  in  the  carriage  C,  which  is  moved  to  and  fro  by  the 
screw  D.  The  screw  is  cbiven  by  the  gear  H,  that  meshes  with  a 
pinion  keyed  on  the  shaft  to  which  the  motor  is  geared.  The 
reversal  of  motion  is  obtained  by  shifting  the  clutch  K.  The 
tappets  M  for  moving  the  shifting  gear  are  upon  the  shaft  I. 
Thej  are  struck  as  the  carriage  approaches  the  end  of  its  stroke. 
Unlike  the  oi'dinarj''  machine  shop  planer,  the  plate  planer  has  no 
quick  return  stroke,  but  has  a  tilting  tool  which  allows  stock  to 
be  removed  when  moving  in  either  direction.  Devices  of  this 
character  have  often  been  tried  on  regular  metal  planers,  but  seem 
to  be  satisfactory  only  when  the  Avhole  face  of  the  work  can  be 
covered  at  a  single  stroke  of  the  tool. 
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UNIVERSAL    MILLING    MACHINE. 
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THE   SHAPER. 

For  light  -work  tLe  sliaper  or  shaping  planer,  Fig.  180,  is  ex- 
tensively  used.  It  possesses  the  advantage  of  rapidity  of  action. 
In  this  machine,  as  in  the  plate  planer,  the  tool  moves  while  the 


Fir.  180. 


work  is  at  rest.  A  suitable  mechanism  causes  the  ram  A  to  move 
to  and  fro.  When  moving  toward  the  left,  the  tool  is  cutting. 
As  in  the  ordinary  planer,  the  cutting  speed  is  less  than  tiie 
tetxrrn. 
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The  work  is  held  on  the  table  R,  whicli  may  bo  adjusted  to 
any  convenient  height  suited  to  the  work  to  he  done.  Tha  tool 
is  also  allowed  a  limited  vertical  adjustment  in  the  slide  by  turn- 


ing the  handle  C.  This  is  the  onliiiary  method  of  obtaining  the 
vertical  feed. 

The  horizontal  feed  is  obtained  by  moving  the  table  15  side- 
wise.  In  some  shapers  it  can  also  he  moved  vertically  to  feed  to 
or  from  the  tool;  in  others  the  hcrlzontal  feed  is  obtained  by 
causing  the  tool  with  the  reciprocating  parts  to  move  sidewise. 

The  stjle  of  machine  shown  at  Fig.  180  is  called  the  pillar 
shaper,  but  where  the  tool  and  ram  move  sidewise  it  is  called  the 
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traverse  shaper;  see  Fig.  ISl.  Tlie  character  of  the  work  done 
on  the  shadier  and  the  pUuier  is  identical,  but  as  a  rule,  the  slia[)er 
is  used  for  tiie  smaller  and  more  delicate  parts  which  could  not  be 
handled  quickly  on  the  planer.  Tiie  shaper  has  the  additional 
r.dvantasfe  of  a  change  of  speed  which  allows  small  pieces,  espe- 
cially of  the  softer  metals,  to  be  machined  at  a  maximum  rate. 


Slotter.  Another  machine  tool  which  is  not  used  as  com- 
monly as  its  many  good  qualities  would  seem  to  warrant  is  the 
slotter.  Fig.  182.  It  is,  in  reality,  a  shaper  with  the  tool,  moving 
vertically  instead  of  horizontally.  It  is  used  for  working  on 
heavy  pieces,  and  especially  in  places  where  an  irregular  contour 
is  to  be  formed.     The  thrust  on  the  tool  is  vertical,  and  it  must 
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be  very  stiff.  The  work  done  frequently  partakes  of  the  natuif 
of  the  forming  of  tlie  inside  of  the  hole  where  the  tool  must  pro- 
ject the  whole  length  of  the  cut  below  the  bottom  of  the  head. 
Such  a  case  is  tliat  of  the  slotting  of  locomotive 
frames.  The  best  type  of  tool  for  such  a  class  of 
work  is  a  strong  bar,  as  shown  in  Fig.  183.  The 
bar  is  held  in  the  liead  of  the  tool  just  as  any  tool 
would  be.  Near  the  lower  end  it  carries  the  cut- 
ting tool,  which  may  be  fastened  by  a  set-screw  or 
wedge.  Sucii  a  tool  should  always  be  used  when 
it  is  ix)ssil)le.  It  has  the  advantiige  of  being  stiffer 
and  less  likely  to  spring  than  a  forged  tool. 

The  t(.>ol  used  in  a  slotting  machine  differs 
from  that  used  in  the  lathe  or  planer  in  that 
the  direction  of  tlie  cutting  motion  is  different. 
Fig.  184  illustrates  a  slotting  tool  to  be  used  for 
doing  such  work  as  the  cutting  of  keyways  in  the 
hubs  ot  pulleys.     It  will  be  seen  that  if  the  tool 

r~V is  moved  in  the  direction  of  the  arrow,  the  face  B 

^^     '■  "■  twcomes    the  one    against   which    the    chip    bears. 

It,  therefore,  corresjionds  to  the   top  of  the  lathe 

I  '     I  tool.      The  sharjier  tlie  slope  given  to  the  face  B, 

Fi".  183.         the  keener  the  edge,  just  as  increasing  the  rake  of 

the  lathe  tool  increases  its  sharpness.      'J'lie  face  A 

must  also  be  cut  away  as  indicated.     This    corres])onds   to   the 


clearance  of   the  lathe  or  planer   tool.     It  is   quite  possible,  at 
times,  to  give  these  tools  a  larger  amount  of  rake.     Such  a  form 


DRAW    STROKE    SLOTTER. 
Baker  Brothers. 
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is  shown  in  Fig.  185.  The  shape  of  this  tool  is  such  tliat  it,  is 
very  strong  in  the  (lirectioii  of  the  thrust,  Ijesides  liaving  a  keen 
cutting  edge. 
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THE  MILLINQ  MACHINE. 

The  operation  knowu  as  milling  differs  so  I'adically  from  the 
removal  of  metal  by  methods  previously  described,  that  it  merits 
iinifh  more  careful  and  lengthy  disciission  than  has  been  devoted 
to  the  other  nietTiods.  Due,  also,  to  its  increasing  importance  and 
general  use,  it  calls  for  a  somewhat  extended  discussion.  AVliile 
milling  is  coming  rapidly  into  favor  as  a  means  of  doing  work 
which  has  formerly  been  done  on  the  sliaper  and  planer,  it  does 
not  follow  that  the  shaper  and  planer  are  to  be  entirely  abandoned. 
There  has  l)een  a  tendency  during  the  past  few  years  to  belittle 
the  planer  and  shaper  in  favor  of  the  milling  machine.  This  ten- 
dency is  not  warranted  even  by  the  rapid  and  economical  method 
of  milling.  There  is  a  large  class  of  work  which  can  be  done 
accurately  .only  l)y  means  of  a  single-pointed  tool  such  as  is  used 
in  the  jilaner  and  shaper. 

Tile  fundamental  difference  between  jjlaning  t\nd  milling  lies 
in  the  character  of  the  tool  employed.  The  planer  uses  a  Hxed 
single-jiointed  tool  with  a  reciprocating  motion  either  of  the  tool 
or  the  work,  while  milling  is  performed  by  the  use  of  a  rotary 
tool  with  several  cutting  points,  of  wiiicli  the  circular  saw  is  a 
familial-  example.  This  rotary  iriultiple  cutter  is  the  basis  of  all 
milling  operations,  and,  as  the  saw  may  be  taken  as  a  good  example 
of  such  a  cutter,  so  the  work  done  by  the  circular  saw  in  cutting 
metal  may  be  said  to  be  an  example  of  milling.  The  ordinary 
milling  cutter  is  nothing  more  than  a  saw  in  which  the  contour 
of  the  cutting  blades  is  made  to  suit  the  work  in  hand. 

Circular  saws  for  use  upon  metal  have  been,  and  still  are, 
often  mounted  in  a  hand  lathe,  Fig.  ISO.  The  saw  is  held  on  an 
arbor  between  centers,  and  the  work  placed  on  a  table  rest,  which 
takes  the  place  of  the  T-rest  used  in  ordinary  hand  turning.  Here 
is  an  example  of  milling  in   its  most  primitive  form;  the  work 
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being  fed  to  tbe  saw  by  band,  witb  no  guides  or  positive  move- 
ments. It  was  an  easy  matter  to  provide  guides  on  the  table  rest 
for  tbe  work,  and  the  next  real  important  step  was  to  use  an  engine 
lathe  in  placb  of  tbe  hand  lathe.  Here  tbe  saw  was  mounted  as 
before,  tbe  work  clamped  to  tbe  carriage  by  suitable  fixtures  and 
fed  positively  to  tbe  saw,  both  as  to  direction  and  aiiionnt. 

It  was  but  a  step  to  make  a  saw  wide  enougli  to  cover  a  con- 
siderable surface,  or  to  have  a  thick  saw  with  a  suitably  formed 
cutting  edge.      Several   saws  of  different  .shapes  and   sizes  can   be 


Fig.  186. 

mounted  in  a  gang  on  an  arl)()r  and  perform  operatio'iH  wliicb  it 
would  be  hard  to  duplicate  on  tbe  shaper  or  planer.  Even  in 
tbe  present  age  of  special  machines  for  milling,  a  great  deal  of 
work  of  this  character  is  still  performed  in  tbe  engine  lathe  by 
the  method  indicated. 

It  is  evident  that  one  of  tbe  great  advantages  of  milling  is 
the  certainty  of  exact  duplication,  a  feature  of  ]»rime  importance 
in  tbe  manufacture  of  interchangeable  work. 

Of  course,  it  was  not  to  be  expected  that  such  an  important 
operation  as  milling  could  be  intrusted  to  a  machine  like  the  lathe, 
which  was  primarily  intended  for  an  entirely  different,  but  equally 
important,  class  of  work. 

About  the  first  machine  built  exclusively  for  milling  was  the 
so-called  Lincoln  miller,  Fig.  187,  which  consists  essentially  of 
a  bed  carrying  the  equivalent  of  the  head  stock  and  tail  stock  of  a 
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latlie,  with  means  for  rotating  the  cutter  arbor,  which  is  carried 
directly  hy  the  head  stock  spindle,  and  steadied  and  su{)f)orted  by 
the  tail  stock.  TJiere  is  also  provided  a  table  upon  which  the  work 
can  be  fastened  either  directly,  or  by  means  of  a  vise,  and  an  auto- 
matic  feed  across  the  machine  at  riirht  ansrlfs  to.  an<l  Ih'Iow,  the 


Fig.  187. 

cutter  arbor.  This  is  simply  the  milling  attachment  in  the  lathe 
transferred  to  a  machine  designed  to  do  nothing  but  milling. 

The  elementary  cutters  designed  to  be  used  on  this  type  of 
machine  are  of  the  form  already  described,  viz.:  of  the  saw  type. 

As  the  types  of  cutters  used  determines,  in  a  large  measure, 
the  design  of  the  machines  themselves,  it  will  be  better  at  this 
point  to  take  up  a  description  of  some  of  the  different  cutters,  in 
order  that  the  adaptation  of  the  machine  to  the  cutter  may  be 
clearly  seen. 
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Screw  slotting  cutters,  Fig.  18S,  and  slitting  saws,  Fig.  189, 
are  indentical  with  the  saws  wliicli,  we  have  already  seen,  were 
enijtloyed  in  the  lathe.  The  true  milling  cutter,  Kig.  I'.K),  has  a 
face  much   wider  in   proportion   to  its  <liameter  than  the  common 
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Fig.  ISO. 


saw.  It  is  for  the  production  of  surfaces,  rather  tlian  for  a  thin 
saw  kerf  for  separating  pieces  of  metal.  These  jilain  cutters  're 
made  in  a  large  numher  of  diameters  and  lengths,  and  ar3  ill 
designed  for  the  generation  of  jilane  surfaces. 

.\s  we  have  seen   in  tlie  case  of  reamers,  heavy  cuts  can   f. 
taki'U   more  easily   when    thi^  clii|)  is  hroken   u|(  inio  small  |iicc.e9. 


Fig.  I'.iO.  Fit,'.  I'Jl. 

therefore  in  milling  cutters  designed  for  roughing,  it  is  customary 
to  nick  the  teeth,  see  Fig.  191,  in  such  a  way  that  the  space  left 
by  one  tooth  may  be  taken  out  by  the  following  tooth.  This  makes 
the  cuttincr  easier.  A  plain  cutter  of  any  considerable  length  will 
not  make  a  smooth  surface  because  of  the  varying  pressure  of  the 
cutter,  as  one  tooth  after  another  leaves  the  work.  To  avoid  this 
springing  tendency,  cutters  are  made  with  spiral  teeth,  Fig.  192, 
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either  right  or  left  hand,  so  that  there  is  practically  a  Tiniform  dis- 
tribution of  pressure  at  all  ])oints  during  the  cut. 

When  it  is  desired  to  mill  the  side  of  a  piece,  it  is  necessary 
that  there  should  be  teeth  on  the  side  of  the  cutter.  Such  cutters 
are  usually  made  comparatively  narrow  and  with  teeth  on  liolii 
sides,    as    shown    in    Fig.    lilii.     These    side  milling  cutters  are 


usually  sold  in  pairs,  as  they  can  be  mounted  together  and  thus 
mill  off  both  sides  of  a  piece  of  work,  similar  to  a  holt  head,  and 
are,  tlicrcfore,  called  heading  or  straddle  mills. 

If  two  cutters  of  the  same  diameter 
are  mounted  together,  it  is  ditlicult  to 
mill  a  surface  which  will  not  show  the 
point  of  separation  of  the  cutters.  This 
can  be  avoided  by  making  the  ends  of 
the  cutters,  where  they  come  together, 
of  such  a  shape  that  they  interlock  one 
with  the  ether.  This  feature  of  inter- 
locking, see  iig.  lUi,  is  especially  valu- 
able when  cutting  slots  which  must  lie 
of  a  definite  width.  An  ordinary  cutter 
will  wear  away  by  use,  or  by  grinding, 
and  thus  lose  its  correct  size.  The  thick- 
ness of  interlocking  cutters  can  be  main- 
tained by  means  of  very  thin  washers,  and,  due  to  the  interlocking 
of  the  cutters,  will  not  show  that  any  space  exists  between  them. 

Cutters  may  be  mounted   in  gangs  of  great  variety  and  com- 
bination, a  typical  one  being  shown    in   Fig.  l'J5.     These  cutters 


Fig.  194. 
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may  be  of  any  desired  form,  and  can  be  made  to  produce  a  variety 
of  shajies.  The  so-called  angle  cutters,  Fig.  lltO,  are  employed  in 
tbe  manufacture  of  cutters,  and,  when  making  spiral  cntters.  must 
have  an  angle  on  both  sides.  The  customary  angle  in  such  cases 
beiritj  40^  on  one  side  and  I'J    on   the  other.     Tiie  other   common 


,4^% 


Fig.  190 

single  angle  cutters  vary  from  4(1  to  80  ,  either  right  or  left  liand. 
Doul)le  angle  cutters  can  be  had  with  eitlier  45  ,  •W,  or  '.tO  ,  in- 
cluded angle. 

We  have  considered  up  to  tlie  present  time,  only  such  cutters 
as  are  made  from  a  single  piece  of  steel.  In  large  cutters,  how- 
ever, the  cost  of  the  steel  becomes  an  important  item,  and  there  is 
danger  of  losing  a  large  amount  of  labor  through  accidents  in 
hardening.  To  make  a  cheap  serviceable  cutter  of  large  size,  it  is 
customary  to  use  a  cast-iron  body  with  inserted  steel  teeth.     There 
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are  several  different  methods  of  holding  these  teeth.  Usually, 
when  the  inserted  tooth  is  in  the  form  of  a  blade,  they  are  held  by 
taper  pins  or  screws,  Fig.  197.  These  blades  are  renewable,  the 
cast-iron  body  being  used  many  times.  A  cheaper,  permanent  cut- 
ter can  be  made  by  casting  the  body  around  the  teeth,  thus  makincr 
a  very  rigid  support  for  the  blades. 

Anotiier    form    of    inserted=tooth   cutter  consists   of    round 
hardened  steel   pins  driven  into  holes   in   a  cast-iron  body.     This 


cutter  is  also  permanent  in  form.  Fig.  198,  as  broken  teeth  can- 
not be  replaced,  and,  when  the  teeth  are  worn  almost  down  to 
the  body,  the  whole  cutter  is  thrown  away. 

Brief  mention  has  been  made  of  cutters  to  generate  irregular 
contours.     These  cutters  are  known  as  formed  cutters,  and,  except 


Fig.  irts. 

in  certain  shapes,  such  as  quarter  and  half  rounds,  are  not  carried 
in  stock,  but  are  made  only  to  order.  There  is  such  a  large  variety 
of  forms  for  which  such  cutters  may  l)e  used,  that  it  is  impossilile 
to  give  more  than  a  typical  example.  The  form  shown.  Fig.  199, 
consists  in  reality  of  several  cutters,  some  of  them  of  ordinary 
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Gear  Tool  h  Cuttt-r. 


Fig.  200. 


shapes  and  sizes,  with  others  of  special  forms,  the  whole  luakinif  a 
ganjT  cutter  whose  object  is  very  apjiarent. 

Among  the  standard  shapes  of  formed  cutters  are  some  which 
are  now  carried  in  stock  for  producinij  certain  tools  which  rerjuirc 
cutters   of   definite    vet    peculiar    form.       Amonrr    these    may    he 
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mentioned  cutters  for  fluting  taps,  reamers,  and  twist  drills,  cut- 
ters for  sprocket  and  gear  teeth,  and  cutters,  known  as  hobs,  for 
tlie  jirodnction  of  worm  gears.     See  Fig.  200. 

End  Mills.  All  the  cutters  thus  far  mentioned  are  provided 
with  central  holes,  and  are  intended  to  be  mounted  on  an  arbor 
which  is  carried  by  the  spindle  and  supported  in  some  suitable 
manner  at  the  outboard  end.  There  is  an  entirely  different  class 
of  cutters,  however,  which  are  supported  by  the  spindle  only,  and 
are  provided  with  teeth  on  the  end  of  tlu'  cutter.      These  are  known 


as  end  mills.  They  are  made  in  a  graat  variety  of  shapes  and 
.-izes,  the  ordinary  end  mill.  Fig.  301,  being  cylindrical,  with 
either  a  right  or  left-hand  spiral. 

A  special  form  of  end  mill  for  making  T-slots  is  called  the 
T-slot  cutter,  and  is,  in  reality,  a  small  side  milling  cutter  carried 
by  a  small  central  stud,  see  Fig.  20"2.     Dovetail  cutters,  and  cut- 


Fig.  201. 

ters  of  various  an^rles  for  making  ratchets,  are  merely  variations  of 
the  end  mill. 

When  end  mills  are  made  of  large  size,  they  can  be  furnished 
with  inserted  teeth  similar  to  those  used  on  cutters  for  the  arbor. 
See  ¥\g.  203.  The  heaviest  end  mills  for  the  milling  machine 
are  sometimes  made  as  large  as  fifteen  to  twenty  inches  in  diam- 
•  ter,  the  cast-iron  body  lieing  screwed  directly  on  the  nose  of  the 
-pindle,  making  a  very  powerful  and  fast-cutting  tool. 

The  plain  milling  cutter  is  mounted  on  an  arbor  in  a  way 
very  similar  to  that    in  which  its  prot()tv]i«".  tin-  ciicnlar   saw.  v.as 
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mounted.  For  use  in  the  lathe,  this  is  usually  centered  at  both 
ends  and  driven  by  a  dog.  "When  used  in  a  regular  milliner 
machine,  the  arbor.  Fig.  204,  is  fitted   with  a  heavy  taper  shank 
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Fis.  202. 


with  a  tongue  at  the  end  for  driving,  and  washers  of  varying 
thickness,  so  that  cutters  of  different  widths  may  be  used  on  the 
arbor,  and,   to   suit    the   position  of  the  work,    in   different   posi- 


Fig.  20.'5. 

tions  on  the  same  arbor.  The  washers  and  the  cutter  must  have 
absolutely  parallel  faces.  Otherwise,  when  the  nut  at  the  end  of 
the  arbor  is  tightened,  there  will  be  springing  of  the  arbor  due  to 
the  irregularity  in  thickness.  The  outboard  end  of  the  arbor  is 
provided  with  a  center  or  straight  pin  to  be  steadied  by  the  over- 
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hanging  arm.  and  the  nut  on  the  arbor  should  not  be  tightened 
until  this  arm  is  in  position,  as  there  is  danger  of  springing  the 
arbor  by  the  leverage  of  the  wrench. 

Where  the  cutter  teeth  are  formed  intejiral  with,  or  fastened 


to.  the  taper  shanlv,  as  in  the  case  of  end  mills,  the  shank,  if  it  be 
of  a  proper  size,  is  forced  directly  into  the  ta^wr  hole  in  the  spindle. 
In  many  cases,  however,  the  taper  shank  of  the  cutter  is  much  too 


Fig.  205. 

small  to  tit  the  spindle  hole,  and  taper  collets,  Fig.  205,  are  used 
to  bush  down  the  spindle  hole  to  the  proper  size.  Of  course,  it  is 
necessary  that  the  axes  of  the  outer  and  inner  tapers  should  coin- 


cide, otherwise  the  cutter  will  not  run  true.  In  some  cases  it  is 
necessary  to  use  two  collets,  one  within  the  other,  before  intro- 
ducing the  cutter  shank. 
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AVhen  shell  end  mills,  Ficr.  20(5.  are  used,  a  special  form  of 
taper  shank  is  employed  which  can  take  several  different  sizes 
of  cutters.  The  construction  is  so  ol>vious  from  the  illustration 
that  explanation  is  unnecessary. 

End  mill.*,  held  on  taper  shanks,  relv  on  the  friction  of  the 
taj)er  for  holdinij;  in  position,  althouirh  beinij  driven  hy  a  tongue 
at  the  end  of  the  shank.  Therefore,  cutters  of  this  description 
should  not  have  a  sjiii'al  in  a  direction  which  would  tend  to  ])nll 
the  cutter  out.  This  is  not  a  Serious  olijection  when  using  the 
cylindriciil  portion  of  the  cutter, 
but,  when  using  the  end  of  the 
cutter,  it  means  that  the  teeth  can 
have  no  rake  and  must  scrape, 
rather  than  cut  the  work.  In  order 
to  use  a  leading  sjjiral  on  the  cutter, 
the  shank  must  he  held  positively 
in  the  spindle.  This  usually  is 
accomplished  by  inserting  in  a 
threaded  hole  at  the  rear  end  of  tlie 
shank,  a  rod  which  extends  through 
the  liollow  spindle  and  l)rings  u|) 
againsta  collar  on  the  outside.  This 
can  be  set  up  .solidly,  and  all  danger 
of  loosening  u|>  of  the  cutter  shank 
will  V)e  avoided. 

AVhen  the  cutter  is  small,  as 
compared  with  the  diameter  of  the  spindle  taper,  a  screw  collet 
may  be  used,  as  the  friction  of  the  collet  will  be  greater  than  the 
tendency  of  the  leading  sj)iral  to  move  the  cutter  from  the  spindle. 
Again,  these  screw  collets  are  commonly  made  of  machine  steel, 
while  the  end  mills  are  made  from  tool  steel.  The  short,  steep 
taper  and  threaded  end  are  shorter  than  the  long  taper  shank,  and 
therefore  make  a  cheaper  cutter. 

One  of  the  best  means  for  holding  small  end  mills  is  by  the 
use  of  spring  collets,  Fig.  207,  which  can  firmly  grasp  the, straight 
shank  of  the  cutter.  When  cutters  are  to  be  changed  frequently, 
this  is  a  particularly  satisfactory  method,  although  it  will  not 
answer  for  roughing  cuts  with  cutters  of  large  diameter. 


Fig.  -'07. 
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An  urdiiiarv  drill  cluick  cmii  ]h-  held  in  llic  spindle  hy  incaiis 
of  a  tajwr  shank,  and  fiirnisli  a  means  of  holdin^r  stiaiolitsliatdc 
drills  and  other  small  straight-shank  tools. 

A  very  convenient  metliod  of  liolding  certain  tools  consists 
in  titling  a  three-jawed  universal  lathe  chuck  to  the  threaded  nos© 
of  the  spindle,  thus  enabling  straight-shank  tools  of  large  size  to 
be  held  firmly  and  accurately.  Cutters  of  any  kind  are  rarely 
held  in  chucks  on  the  milling  machine,  but  a  large  number  of 
other  small  tools  can  be  thus  fastened  to  very  great  advantage. 

In  taking  up  the  subject  of  machines  devoted  especially  to 
milling,  it  is  well  to  consider  that  the  transition   from   milling  in 


Fig.  208. 


the  lathe  to  the  special  milling  machine,  is  bridged  by  an  attach- 
ment to  the  lathe  l)y  which  the  functions  of  the  milling  machine 
were  well  served.  This  is  especially  noticeable  in  milling  attach- 
ments attached  to  bench  lathes,  Fig.  208,  said  attachment  being 
mounted  on  a  foot  connected  with  the  end  of  the  bed,  and  the 
head  stock  turned  around  on  the  bed  to  serve  as  a  spindle  for 
the  milling  attachment.  This  temporary  arrangement,  which  is 
still  used  as  a  combination  in  some  cases,  led  to  the  introduction 
of  the  bench  miller,  Tig.  209,  which  was  naturally  intended  for 
small  work  only,  and  therefore  is  not  provided  with  automatic 
feeds,  hand  feeding  by  means  of  levers  being  used. 

As  this  bench  milling  machine  comprises  all  the  essential  ele- 
ments of  the  more  elaborate  machines,  it  will  be  well  to  call  atten- 
tioa  to  the  principal  parts  of  the  machine  and  their  functions. 
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The  horizontal  milling  machine  consists  of  a  frame  or  box 
structure  carrying  a  liorrizontal  spindle  in  the  upper  portion, 
together  with  brackets  or  an  overhanging  arm  to  steady  the 
spindle.  The  front  of  the  machine  is  carefully  scraped  at  right 
angles  to  the  spindle,  and  there  is  mounted  thereon  a  knee,  its 
ui)per  surface  being  parallel  to  the  spindle  in  the  horizontal  plane 
and  capable  of  movement  in  a  vertical  direction.  This  knee  carries 
what  i.s  known  as  the  saddle,  the  ujiper  portion  of  which  is  also  par- 
allel to  the  spindle.  The  move- 
ment of  the  saddle  is  towards  and 
from  the  frame  of  the  machine, 
and  therefore  parallel  to  the 
spindle.  The  saddle,  in  turn, 
carries  the  table  to  which  the 
work  is  attached  by  means  which 
will  be  described.  The  upper 
surface  of  the  table  is  parallel 
to  the  spindle,  and  the  table 
movement  is  at  right  angles 
to  the  spindle  in  tne  horizontal 
j)lane. 

The    combination    of   these 


Fifr.  ^"09 


three  motions,  at  right  angles  to  the  spindle  in  the  vertical  plane, 
{)arallel  to  the  spindle  in  the  horizontal  plane,  and  at  right-angles 
to  the  spindle  in  the  horizontal  ])lane,  give  to  the  milling  machine 
what  is  known  as  its  range.  It  allows  any  portion  of  the  table  to 
be  brought  uwler  the  cutter  at  any  distance  covered  by  the  verti- 
cal feed. 

Among  the  ])rincipal  advantages  of  the  milling  machine,  are 
the  wide  range  of  working  capacity  and  the  accuracy  with  which 
the  table  can  be  placed  with  relation  to  the  cutter.  This  accuracy 
is  obtained  by  means  of  graduated  dials  on  the  feed  screws,  which 
are  read  directly  to  .001  inch,  and,  by  estimation,  to  .00025  inch. 
For  many  years  the  milling  machine  was  the  only  tool  which  sup- 
plied these  micrometer  graduations,  but  they  are  now  being 
applied  to  nearly  every  class  of  machine  tool  in  which  accurate 
adjustment  is  necessary.  A  very  common  method  of  graduation 
is  by  the  use  of  a  screw  with  a  pitch  of  J^  inch  and  200  graduations 
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on  its  dial.  In  some'  cases,  a  screw  with  a  pitch  of  -|  inch  is  used 
with  250  gnuhiations,  biit  it  is  always  safe  to  assume  that  the 
sinirle  graduation  on  a  milliner  machine  means  a  movement  oi 
.001  inch. 

Lost  motion  or  liacklash  Itetwccn  the  screw  and  its  nut  in  any 
of  these  adjustments  is  the  cause  of  fre(|Ueiit  error  and  should  nevH^r 


Fig.  210. 

be  neglected.  Even  in  a  machine  in  excellent  condition,  when  the 
motion  of  the  screw  is  reversed,  it  will  turn  through  an  angle  giv- 
ing the  equivalent  of  about  .005  inch  movement  of  the  part  being 
fed  along,  but  with  no  actual  movement  of  the  part.  As  an  ex- 
ample, if,  in  moving  the  table  from  the  column,  the  operator  car- 
ries it  .003  inch  too  far,  it  will  not  suffice  to  simply  turn  the  dial 
back  three  graduations.  The  table  should  be  brought  back  several 
hundredths  of  an  inch,  and  then  advanced  to  within  .003  inch  of 
its  former  position.     In  order  to  facilitate  the  quick  and  accurate 
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reading  of  these  dials,  tlicy  are  arraiiired  so  tliat  tlicy  can  lie  it-aililv 
set  to  zero  wlieiiever  desired. 

The  iiioveiiients  above  deserihed  for  tlie  adjustment  of  tlie 
work  are  tlioso  necessary  for  wiiat  is  termed  a  ])iaiii  milliner 
niaeliine.  In  order  to  have  a  universal  milling  machine,  Fio-. 
210.   it   is   neeessary  that  the   table  lie  so  arrancjed  that  it  can  be 


V\<X.  211. 


swung  upon  the  saddle  in  tlie  horizontal  plane,  so  that  its  feeding 
movement  is  not  at  right  angles  to  the  axis  of  tue  sj)indle.  I'ni- 
versal  milling  machines  usually  have  a  total  angular  movement  of 
DO'',  45^  on  either  side  of  the  normal  position. 

While  the  milling  machine  developed  from  the  lathe  through 
the  Lincoln  miller  to  the  standard  horizontal  universal  machine, 
its  development,  for  work  on  which  heavy  cuts  are  necessary,  took 
an  opposite  course. 


TWO-SPINDLE    PROFILING     MACHINE. 
I»ratt  and  Whitney  Co. 
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The  slabbing  miller.  Fig.  211,  is  of  the  planer  type,  the  cross 
rail  cariTing  a  rigidly  supported  cutter,  while  the  table  has  the 
comparatively  slow  feed  required  for  milling.  This  type  of 
machine  is  especially  valuable  where  broad  surfaces  are  to  be 
machined  on  pieces  of  work  which  are  of  such  shape  that  they  can 
be  readily  and  uniformly  supported  to  withstand  the  cut. 

In  order  to  produce  true  work  by  heavy  milling,  it  is  not  only 
necessary  that  the  work  shall  be  supported  as  already  outlined,  but 
also,  that  the  cut  be  nearly  uniform  in  depth  and  width.  If  the 
section  of  the  cut  varies  greatly,  or,  even  with  uniform  cut,  if  the 
work  is  irregularly  supported,  the  metal  will  spring  under  the 
influence  of  the  cutter  and  it  will  be  found  that  the  work  is  not 
true.  Therefore,  work  of  a  character  that  is  liable  to  be  distorted 
by  the  process  of  milling,  may  easily  be  performed. to  better 
advantage  by  the  process  of  planing. 


in 
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As  the  planer  is  sometimes  furnished  with  more  than  one 
bead,  so  these  heavy  milling  machines  are  often  furnished  with 
more  than  one  spindle.      Two  vertical   heads  on  the  rail  and  a  fac- 


ing head  on  each  upright,  Fig.  212,  makes  a  machine  capable  of 
removing  a  large  amount  of  metal,  if  the  work  is  of  such  a 
character  as  to  stand  up  under  the  cut. 

It  is  often  desirable,  from  the  point  of  view  of  economy  of 
time,  to  combine  the  operations  of  milling  and  planing,  and,  with 
this  end  in  view,  milling  attachments  are  made  for  the  planer.  Fig. 
213.  and  attached  to  the  cross  rail.     The  changes  required  from 
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the  planer  drive,  are  an  extra  belt  to  rotate  the  cutter  and  a  special 
countershaft  to  slow  down  the  movement  of  the  table.  This  attach- 
ment can  carry  a  slabbing,  gang,  or  formed  cutter  on  an  arbor  for 
horizontal  milling,  or  it  can  carry  end  mills.  Fig.  214,  by  turning 
the  head  through  90^,  thus  bringing  the  spindle  to  a  vertical  posi- 
tion. This  last  arrangement  of  the  spindle  is  of  great  utility,  as  it 
allows  cutters  to  reach  down  into  places  which  would  be  inaccessi- 
ble by  any  other  means. 

The  advantages  of  the  vertical  milling  spindle  are  so  evident, 
that    nearly    all  makers  of  horizontal   machines   furnish  what  is 

called  a  vertical  head.  Fig. 


Fig.  2U. 


215.  This  vertical  head  is 
very  rigidly  supported  ou 
the  column,  and  by  means 
of  the  overhanging  arm, 
so  that  cuts  can  be  taken 
of  as  great  depth  as  with 
the  horizontal  spindle.  The 
vertical  spindle  can  also  be 
turned  in  the  vertical  plane, 
so  that  an  end  mill  can  be 
used  at  any  angle  with  the 
tal)le. 

There  are  several  ma- 
chines made  in  which  the 


vertical  spindle  alone  is  employed.  Fig.  21G,  there  being  no  pro- 
vision for  a  horizontal  spindle. 

Such  machines  are  provided  with  the  feed  motions  of  the 
horizontal  type,  and  also  with  a  rotating  table  by  which  circular 
work  can  be  done.  A  large  amount  of  work  formerly  done  in 
lathes  is  now  being  done  in  vertical  spindle  machines,  as  well  as 
many  pieces  formerly  machined  on  planers  and  shapers. 

The  duplex  milling  machine.  Fig.  217,  has  both  the  horizontal 
and  vertical  spindles  combined  in  one,  which  allows  the  spindle  to  be 
placed  at  any  angle  from  horizontal  to  vertical,  and  combines  all 
the  good  points  of  both  machines.  The  head  of  the  duplex  miller 
can  be  moved  out  over  the  table  in  such  a  way  as  to  greatly  increase 
the  range  of  the  machine,  and  this  head  is  also  provided  with  a 
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drilling  attachment  whereby  holes  may  he  drilled  at  any  angle. 
Attention  is  called  to  the  rope  drive  on  this  niacliint^  hy  means  of 
a  twisted  rawhide  belt  or  rope.  This  makes  a  very  smooth  and 
quiet  drive. 

In  order  to  accommodate  dilTerent  sizes  of  cutters,  maintain  a 
nniforni  cutting  speed,  and  also  to  allow  for  difference  in  hardness 
of  the  material  being  worked,  it  is  necessary  that  the  milling 
machine  should  be  supplied  with  several  speeds.     Iti  the  ordinary 

^1 


1.^  -.... 
miller  we  usually  have  a  four-step  cone  with  back  gears,  which 
gives  eight  speeds  with  a  single  overhead  belt.  The  countershafts 
for  these  machines  are  of  the  friction  type,  and  are  supplied  with 
two  driving  pulleys  in  order  that  the  machine  may  be  driven  in 
either  direction.  But,  if  the  reverse  motion  is  not  desired,  there 
can  be  two  pulleys  driving  in  the  same  direction,  but  at  different 
speeds,  giving  a  total,  including  the  back  gears,  of  sixteen  speeds 
for  each  machine.  The  speed  used  on  any  particular  work  depends, 
as  before  stated,  on  the  diameter  of  the  cutter  and  the  character 
of  the  work.  Thus,  with  carbon  steel  cutters,  the  cutting  speed 
will  be  30  to  60  feet  per  minute.  AV^ith  high-speed  steel  cutters, 
nearly  double  these  speeds  may  be  maintained,  if  the  drive  of  the 
machine  is  strong  enough  to  pull  the  cut. 
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When  using  very  small  cutters,  the  machine  itself  will  not 
give  a  speed  which  is  high  enough  to  suit  the  diameter  of  the  cutter. 
For  such  work,  a  high-speed  attachment.  Fig.  218,  is  furnished, 
by  which  the  small,  light  cutters  may  be  driven  at  a  suitable  rate. 

Of  equal  importance  with  the  correct  speed  for  the  cutter,  is 
the  maximum  feed  or  table  speed,  which  is  reckoned  in  inches  per 
minute.  A  more  logical  method  of  designating  the  feeds,  and  one 
which  has  been  adopted  by  several  makers,  is  to  give  the  advance 
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of   the   table    in    tliousaiidths    of   an    inch    for   every    tnrti    of  the 
spindle. 

Based  upon  tlie  use  of  the  ordinary  enrlion   steel  cutters,  The 
Brown    &   Sharpe   Co.   have   {)repared    the    following    statenienta 


V,ii.  -JIT. 

regarding  the  sj)eed  of  uiills:  '•  It  is  impossible  to  gi'^e  definite 
rules  for  the  speed  and  feed  of  mills.  The  judgment  of  the  fore- 
man or  man  in  charge  of  the  machine  should  determine  what  is 
best  in  each  instance. 

"  As  usually  the  highest  possible  speed  and  feed  are  desirable, 
it  pays  to  increase  them  both  until  it  is  seen  that  something  will 
break  or  burn,  and  then  reduce  to  a  speed  and  feed  of  safety. 
Sometimes  the  speed  must  be  reduced,  and  yet  the  feed  need  not 
be  chantred. 
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"The  average  speed  on  wrought  iron  and  annealed  steel  is, 
perhaps,  40  feet  per  minute,  which  gives  about  sixty  turns  per 
minute  with  mills  24"  in  diameter.  The  feed  of  the  work  for 
this  surface  speed  of  the  mill  can  be  about  11"  per  minute,  and 
the  depth  of  the  cut  about  J^".  In  cast  iron,  a  mill  can  have  a 
surface  speed  of  about  50  feet  a  minute,  while  the  feed  is  li"  per 
minute  and  the  cut  -jSg"  deep.  In  tough  brass,  the  speed  may  be 
80  feet,  the  feed  the  same  as  in  cast 
iron,  and  the  chip  ^^,". 

'•As  small  mills  cut  faster  than 
large  ones,  an  end  mill,  for  example, 
^"  in  diameter,  can  be  run  about  400 
revolutions  per  minute  with  a  feed 
of  4"." 

Addy,  an  English  authority, 
gives  as  a  safe  speed  for  cutters  of  •)" 
diameter  and  upwards : 

Steel,  36  ft.  per  minute  with  a  feed  of  %" 

per  minute. 
Wrought  Iron,  48  ft.  per  uiiuute  with  a 

feed  of  1"  per  minute. 
Cast  Iron,  60  ft.  per  minute  with  a  feed  of 

T%"  per  minute. 
Brass,  120  feet  per  uiiuute  with  a  feed  of 

2J3"  per  minute. 
He  also  gives  a  simple  rule  for 
obtaining  the  speed:     The  number  of  revolutions  which  the  cutter 
should  make  when  working  on  cast  iron  =  240  divided  by  the 
diameter  in  inches. 

The  following  table  has  been  prepared  by  Messrs.  Brown  and 
Sharpe  to  give  the  speed,  feed,  and  depth  of  cut  that  can  be  obtained 
with  a  machine  similar  to  that  illustrated  in  Fig.  210. 
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SURFACE  MILLING  OF  CAST  IRON, 


Siam. 
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SURFACE  MILLING  OF  SOFT  MACHINERY  STEEL. 
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END  OR  FACE  MILLING  OF  CAST  IRON. 
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FACE  MILLING  OF  SOFT  MACHINERY  STEEL. 
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The  milling  machine,  and  in  fact  all  the  machines  of  the  shop, 
can  do  efficient  work  only  when  they  are  well  cared  for.  An 
important  element  is  that  they  should  be  kept  clean  and  well  oiled. 

Great  care  should  be  exercised  that  chips  do  not  get  into  the 
holes  in  the  spindles  or  between  the  arbor  collars. 

When  at  work,  the  milling  cutter  is  kept  flooded  with  oil  or 
a  solution  of  sal  soda  as  already  specified  for  lathe  work. 

Oil  is  used  in  milling  to  obtain  smoother  work,  to  make  the 
mills  last  ''iOnger,  and,  where  the  nature  of  the  work  requires,  to 
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wash  the  chips  from  the  work  or  from  the  teeth  of  tlie  cutters.  It 
is  generally  iised  in  milling  a  large  number  of  pieces  of  steel, 
wrought  iron,  malleable  iron,  or  tough  bronze.  Frequently  when 
only  a  few   pieces  are  to  be  milled,  it  is  not  used,  and  souie  sti'el 

castings  are  milled  without 
oil;  also  in  cutting  cast  iron 
it  is  not  used.  For  light, 
Hat  cuts  it  is  put  on  with  a 
brush,  giving  the  work  a 
thin  covering  like  a  varnish; 
for  heavy  cuts  it  should  bo 
led  to  the  mill  from  the  drip 
can  that  is  usually  sent  with 
each  machine,  or  it  should 
be  pumped  upon  or  across 
the  mill  when  cutting  deep  grooves,  milling  several  grooves  at  one 
time,  or,  indeed,  in  milling  any  work  where,  if  the  chips  should 
stick,  they  might  catch  between  the  teeth  and  sides  of  the  grooves, 
and  scratch  or  bend  the 
work. 

The  I>rown  ik  Sharpe 
Co.  recommend  the  use  of 
lard  oil  in  milling.  Any 
animal  lor  fish  oil,  how- 
ever, may  be  used,  and 
then  separated  from  the 
chips  by  the  use  of  a  cen- 
trifugal separator,  or  by 
dumping  into  a  .tank  of 
water.  In  the  latter  meth- 
od, the  chips  fall  to  the 
bottom  and  the  oil  rises  to 
the  top,  whence  i  t  may  be 
drawn  off  with  but  littl*? 
waste. 

One  of  the  operations 
for  which  the  miller  is  particularly  adapted  is  the  laying  out  and 
drilling  of  holes  which  require  to  be  accurately  placed.     The  grad- 


Fig.  220. 
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uated  feeds  of  the  milliner  machine  allow  the  distances  to  be  set  off 
as  closely  as  .00025  inch,  and  holes  can  also  be  drilled  to  a  given 
depth  with  equal  accuracy.  In  starting  holes,  it  is  best  to  use  a 
spotting  drill.  Fig.  211*.  which  is  extremely  rigid  and  perfectly  true. 
The  spot  made  should  be  slightly  greater  in  diameter  than  the  drill 
to  be  used.  The  drill  should  be  what  is  known  as  reamer  size,  that 
is,  -jij  inch  below  the  standard,  and  the  hole  may  then  be  reamed, 
either  in  one  operation,  using  a  standard  reamer,  or  by  first  using 
a  machine  reamer,  which  is  about  .005  inch  under  size,  to  be  fol- 
lowed by  the  standard 
reamer.  It  is  evident  that 
holes  thus  drilled  and 
reamed  will  be  parallel, 
and,  by  using  the  vertical 
head,  holes  can  be  drilled 
at  right  angles  in  like 
manner.  When  extreme 
accuracy  in  holt?s  is  de- 
manded, a  boring  bar  may 
be  used  after  the  drill  in 
order  to  correct  any  error 
due  to  the  running  of  the 
drill  itself. 

Splining Shafts.  An- 
other operation  suited  to 
the  milling  machine,  al- 
though sometimes  per- 
formed on  the  shaper  or  planer,  is  that  of  splining  shafts.  The 
slots  in  the  table  give  the  proper  alignment  to  the  shaft,  the  cutter 
can  be  set  with  correct  relation  to  the  axis  without  ditKculty,  and 
the  spline  cut  full  depth  at  one  operation.  The  only  objection  to 
this  form  of  spline  is  the  curve  at  the  end  due  to  the  shape  of 
the  cutter.  An  end  mill  in  the  vertical  head  can  be  used  to 
remove  this  objectionable  feature,  and  some  splining  machines 
are  made.  Fig.  220,  which  permanently  carry  both  cutters,  so  that 
the  work  can  be  quickly  shifted  from  one  to  the  other. 

The  operation   of  making  dovetails,  which  is  a  delicate  and 
expensive  job  on   the  shaper,  is  readily  performed  on  the  milling 
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Fig.  222. 


niat'liine,  especinlly  of  the 
vertical  type,  Fig.  221,  the 
cutter  being  a  form  of  end 
mill  suited  to  the  size  and 
angle  of  the  dovetail.  X-slots 
are  cut  in  a  similar  manner, 
either  directly  from  the  solid, 
or  by  following  a  groove  made 
with  a  plain  cutter. 

One  of  the  most  common 
operations  performed  between 
centers  is  the  fluting  of  taps 
and  reamers,  Fig.  222,  which 
is  dune  by  the  special  cutters 
already  referred  to.  It  will 
be  noticed    that    the    cutter 

should  be  set  in   such  a   way   that   the  cutting  edge  of  the  tap  or 

reamer  will  be  radial.      If  left  as  an  obtuse  angle,  the  tool  will 

simply  scrape  and  not  cut,  while  if  the  tooth   is  undercut   to  any 

extent,  it  will  be  so  weakened 

as  to  be  liable  to  break. 

The  flutes  in  twist  drills 

and   in   spiral  fluted  reamers 

are  also  cut  between  centers, 

but,  if  the   cutter  is  carried 

directly  by  the    spindle,   the 

operation  requires  a  universal 

machine.       If    the    cutter  be 

carried  by  a  vertical  or  sub- 
head   of   any    kind,    a    plain 

machine  will  answer  for  the 

purpose.     The  angle  to  which 

the  table  or  vertical  head  must 

be  set  for  spiral  cutting.  Figs. 

223  and  224,  is  the  angle  be 

tween  the  axis  and  the  development  of  the  spiral.       This  angle 

can   be  closely  determined    by  the  followang   graphical    method: 

construct  a  right-angled  triangle,  having  a  base  equal  to  the  axial 
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distance  represented  by  one  full  turn  of  the  spiral  and  a  perpen. 
dieiilar  e(jiial  to  the  ciivninfeiviuv  of  tlie  work.      K,,,-  strict  accu- 


Fig.  -221. 

racy,  this  circumference  should  be  taken  at  one-half  the  depth  of 
the  flute.  Di-aw  the  hypothenuse  of  this  triangle,  and  the  angle 
between  the  base  and  the  hyjwthenuse  may  be  closely  determined 

JCIRCUM- 
(FERENCE 
lOFWORK 


-AXIAL   LENGTH    ONE    TURN 
Fig.  22-5. 


by  the  use  of  a  protractor,  and  will  be  the  angle  to  which  the  table 
or  head  must  be  set.  This  angle  can  be  more  closely  and  quickly 
determined  by  a  very  simple  problem  in  plane  trigonometry,  viz."^: 
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finding  the  sine  of  the  angle.  To  do  this,  divide  the  perpendicu- 
lar  of  this  triangle  by  its  base,  and  obtain  the  value  of  the  angle 
from  a  tal)le  of  sines.  . 

Spirals.  The  cutting  of  spirals  requires  another  operation 
different  fron,  ordinary  work.  In  addition  to  the  angular  setting 
the  work  must  be  rotated,  in  order  to  produce  the  spiral,  as  well 
as  fed  forward  to  the  cutter.  This  rotation  of  the  work  must  be 
positive,  which  means  geared,  and  one  rotation  of  th.e  work  will 
of  course,  equal  the  pitch  of  the  spiral,  which   is  usually  expressed 


Fig.  -6H. 
as  one  turn  in  "n"  inches.     After  cutting  one  spirp.!   groove,  the 
work  is  turned  and  indexed  the  same  as  in  plain  nulling. 

Cams.  Both  open  and  closed  cams  can  be  readily  cut  on  a 
plain  milling  machine  by  the  use  of  the  cam-cutting  attadM.ent, 
Y\a  22r,  which  nearly  all  makers  are  able  to  furnish.  The  out- 
lin'e  of  the  cam  is  fir'st  laid  out  and  worked  down  by  hand  on  a 
plain  disc,  or  male  leader,  as  it  is  termed.  This  leader  and  a  suit- 
able  blank  are  mounted,  with  their  outlines  coinciding,  on  the 
spindle  of  the  cam-cutting  attachment.  A  cam  roll  of  the  size 
to  be  used  is  mounted  on  a  stationary  roll  stud,  and  an  end  mil 
Of  the  same  diameter,  or  enough  larger  for  clearance,  is  mounted 
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ill  the  niilliiitf  machine  spindle  directly  opposite  the  cam  roll. 
Tho  spindle  of  the  cam-cuttinir  attachment  is  mounted  on  a  car- 
riage, whieli.  l>y  means  of  a  weight  over  a  pulley  at  the  end  of 
the  milling  machint'  talilc,  is  always  kejit  willi  the  leader  in 
contact  with  tlu^  cam  roll.  A  worm  and  worm  gear  are  used 
for  rotating   the   altachment,  and    thus   the  spindle  approaches  or 


Fig.  227. 
recedes  from  the  cam  roll  according  to  the  shape  of  the  leader. 
When  cutting  closed  cams,  it  is  sometimes  desirable  to  use  the 
hand-made  male  leader  as  a  form  from  which  to  make  a  closed  or 
female  leader.  This  female  leader  will  surround  the  cam  roll  in 
such  a  way  that,  even  if  the  weight  should  fail  to  act,  no  serious 
damage  can  be  done  to  the  blank.  The  cutting  of  face  cams  dif- 
fers from  the  above  description  only  in  that  the  spindle  of  the 
attachment  is  at  right  angles  to  the  spindle  of  the  milling  machine 
instead  of  parallel  to  it.  The  leader  and  cam  roll  are  used  in  the 
same  manner  as  before. 
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Gears.  The  euttincr  of  gears  of  all  descriptions  was  formerly 
(lone  oil  some  type  of  milling  machine,  although  now  each  type 
of  gear  has  its  special,  and,  in  many  cases,  automatic  machine. 

The  cutters  for  spur  and  bevel  gears  are  of  two  types,  pro- 
ducing the  cycloidal  and  involute  tooth.  For  each  pitch,  the 
cvcloidal  system  requires  twenty-four  cutters,  while  eight  cutters 
sufHce  for  the  involute  system.  Tliese  cutters  are  plainly  marked 
with  the  style  of  tooth,  pitch,  and  number  of  teeth  for  which  it  is 
suitable.  Some  cutters  are  also  marked  with  the  whole  depth 
of  the  tooth  expressed  in  thousandths  of  an  inch.  The  gear 
blanks,  having  been  very  carefully  turned  as  to  outside  diameter, 
are  mounted  on  an  arbor  between  centers,  and  the  cutter  placed  so 
that  its  central  plane  passes  through,  and  is  parallel  to,  the  axis  of 
the  arbor.  The  knee  is  now  raised  until  the  cutter,  when  rotating, 
just  touches  the  outside  of  the  blank.  The  work  is  now  moved 
out  from  under  the  cutter,  and  the  knee  raised,  using  the  gradu- 
ated dial,  an   amount  e(|Mal   to  the  wliole  depth  of  the  gear  tooth. 


Fig.  228. 

With  the  exception   of  the   indexing,  the  gear  is  now  ready  to  be 
cut.  Fig.  227. 

In  order  that  the  gear  may  be  accurately  and  quickly  set  for 
each  tooth,  a  dividing  head  is  used,  which  is  shown  in  Fig.  22S. 
The  mandrel  upon  which  the  gear  is  mounted  is  hung  upon  the 
centers  AA,  and  firmly  fastened  to  the  spider  B.  The  index  plate 
C  is  geared  to  the  spindle  that  carries  the  spider  B;  the  index 
plate  is  drilled  with  a  large  nunil)er  of  holes.  These  holes  are 
arranged  in  circles,  and  are  accurately  spaced  at  equal  distances 
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apart.  The  arm  D  carries  a  stem  E,  having  a  knurled  head  at  one 
end  and  a  pin  at  the  other.  The  pin  is  held  in  one  of  the  holes  of 
the  index  plate  by  a  spring.  The  arm  D  can  be  moved  to  any 
desired  position,  relatively  to  the  index  plate,  and  there  fastened. 
When  a  gear  is  to  be  cut,  the  arm  D  is  moved  so  that  the  piu 
is  opposite  a  row  of  holes  the  number  of  which  is  the  same  or  a 
multiple  of  the  niimber  of  teeth  to  be  cut.  Thus,  suppose  a  gear 
with  45  teeth  is  to  be  made.  The  pin  may  be  set  opposite  the  circle 
of  90  holes.  Assuming  that  the  ratio  of  revolution  between  D  and 
B  be  40  to  1  ;  -^\  of  a  revolution  at  B  requires  |g  of  a  revolution 


Fig.  229. 


Fiff.  2.'?0. 


at  D.  The  piu  E  must,  therefore,  he  moved  j'l^  of  !H)  holes,  or 
80  holes,  for  each  tooth  cut. 

Bevel  gears  are  held  on  an  arbor  in  the  dividing  head,  which 
is  swung  up  to  bring  the  bottom  of  the  tooth  parallel  with  the 
table,  Fig.  229.  As  all  parts  of  the  tooth  of  a  bevel  gear  are  ele- 
ments of  a  cone,  it  is  evident  that  both  the  tooth  and  the  space 
should  vanish  at  the  apex  of  the  cone.  No  solid  cutter,  therefore, 
can  do  more  than  give  an  approximately  correct  shape  to  the  tooth. 
Sometimes  two  cuts  are  made  in  order  to  more  nearly  approach 
perfection. 

Spiral  gears  are  cut  in  the  same  manner  as  any  other  spiral 
that  is,  by  using  the  angular  setting  of  the  head  or  talile  together 
with  positive  rotation  of  the  ■work. 
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Worm  gears  can  be  hobbed  out  by  two  different  methods. 
Tlie  more  coininon  way  is  to  gash  the  blank  with  a  stockincr  cutter, 
then  mount  it  on  an  arbor  lield  loosely  between  centers  so  that  the 
hob,  when  sunk  into  the  gashes,  will  rotate  the  blank.  The  blank 
is  raised  slowly  until  the  hob  reaches  the  proper  depth.  A  more 
accurate  method  is  to  positively  rotate  the  blank  at  a  speed  corre- 
sponding to  the  pitch  of  the  hob,  and  raise  the  rotating  blank 
against  the  rotating  hob  until  the  proper  depth  is  obtained.  This 
method  recjuires  no  {)reliminary  gashing.     See  Fig.  2.30. 


Fig.  231. 

Rack  cutting  requires  a  special  attachment,  Fig.  231,  so  that  the 
cutter  spindle  may  be  carried  at  right  angles  to  the  length  of  the  table. 

THE  GRINDING  HACMINE. 

When  greater  accuracy  than  that  obtainable  on  the  milling 
machine  or  the  lathe  is  required,  recourse  is  had  to  grinding. 
The  operation  depends  upon  the  abrasive  or  cutting  qualities  of 
emery,  corundum  and  carborundum.  With  work  properly  held 
to  a  solid  grinding  wheel  it  is  not  difficult  to  attain  great  accuracy. 
By  means  of  the  grinding  machine,  parts  may  be  economically 
finished  even  in  hardened  steel  that  could  not  possibly  be  machined 
on  such  shop  tools  as  the  lathe,  planer,  or  shaper.  One  type  of 
machine  used  for  this  purpose  is  shown  in  Fig.  232.  With  such 
a  machine,  round  surfaces  may  be  ground  so  that  the  variation 
from  the  nominal  diameter  is  less  tban  .0001  inch. 
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The  grinding  machine  consists  of  a  strong  base  A,  ujxni 
which  there  is  mounted  a  headstock  li  and  a  tailstoek  C  simihir 
in  action  to  those  of  an  ordinary  lathe.  Back  of  this  there  is  an 
cmer}-  wJieel  driven  bj-  a  separate  belt.  The  principle  of  ofjeratioii, 
for  round  surfaces,  is  that  the  part  to  be  ground  is  put  upon  the 
centers,  aiid  driven  exactly  as  in  the  ordinary  lathe.  Tlie  only 
additional  precaution  to  be  taken  is  that  the  driving  apparatus 
should  be  secure,  so  thai  there  is  no  looseness  of  the  parts.  This 
insures  a  continuous  motion  for  the  piece  with  no  possibility  of 
any  black-lash.  The  piece  turns  towards  the  operator,  and  the 
emery  wheel  runs  in  the  same  direction.  The  two  surfaces  of 
wheel  and  work  in  contact  are,  therefore,  moving  in  opposite 
directions. 

The  head-  and  tailstocks  are  mounted  upon  a  traveling 
table  D ;  this  table  moves  back  and  forth  in  the  same  manner  as 
tlie  platen  of  a  planer.  It  is  made  to  stop  automatically  at  each 
end  of  the  stroke. 

When  work  is  Ijeing  done,  the  piece  is  centered,  with  its  axis 
parallel  to  the  line  of  travel  of  the  table.  With  the  piece  and 
emery  w^heel  in  motion,  the  former  travels  to  and  fro  in  front 
of  the  lathe.  The  wheel  is  then  gradually  moved  forward  until 
it  has  ground  the  work  down  to  the  size  required. 

It  is  not  intended  that  large  amounts  of  metal  shall  be 
removed  by  this  machine.  Its  object  is  to  reduce  to  accurate 
dimensions  the  work  that  ha:;  already  been  turned  in  the  lathe. 
The  projier  method  to  pursue  is  to  turn  the  piece  to  as  nearly  the 
required  diameter  as  possible  m  the  lathe,  care  being  taken  that  it 
is  left  a  trifle  large.  This  may  be  .01  inch  on  each  2  inches  of 
diameter.  The  surplus  metal  may  then  be  removed  by  grinding. 
In  the  machine  illustrated  in  Fig.  232,  the  transverse  movement  of 
the  wheel-stand  is  adjusted  l)y  a  hand-wheel  graduated  to  read 
to  .001  inch  on  the  diameter  of  the  work.  The  machine  is  also 
provided  with  an  automatic  cross-feed,  which  gives  a  range  of 
advance  of  the  wheel  varying  from  .00025  inch  to  .004  inch  at 
each  reversal  of  the  table.  This  feed  is,  furthermore,  so  arranged 
that  it  can  be  automatically  released  at  any  point. 

Tl\is  method  of  finishing  is  also  used  for  pieces  that  have 
been  case  hardened.     Case-hardening  always  warps  the  metal  to 
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which  it  is  applied.  Giiiidiiig  is  resorted  to  in  order  to  reduce  it 
to  the  proper  sliape.  An  example  of  this  may  be  taken  in  the 
method  used  iu  the  manufacturing  of  wrought>iron  locomotive 
crank-pins.  The  pin  is  forged  and  turned  to  as  near  the  workmg 
size  as  possible.  It  is  then  case-hardened  and  ground  to  exact 
truth  and  dimensions. 

Grinding  is  also  used  for  truing  work  that  comes  from  the 
lathe.  The  lathe  does  not  turn  its  work  round,  owing  to  differ- 
ence in  the  density  of  the  metal,  the  variation  of  the  cutting 
speed,  the  duDing  of  the  tool,  the  lost  motion  on  the  centers  and 
in  the  spindle,  and  the  springing  of  the  work  itself  due  to  the 
pressure  of  the  tool. 

SPEED   OF   GRINDING    WHEELS. 
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The  grinding  machine  remedies  this  to  a  great  extent.  Partly 
because  only  a  very  slight  pressure  is  brought  against  the  work; 
partly  because  of  the  greater  delicacy  of  adjustment  of  the 
grinding  machine  as  compai'ed  with  the  lathe. 

The  method  of  grinding  flat  surfaces  is  practically  similar  to 
that  used  for  round.  The  work  is  bolted  to  the  table  and  moved 
to  and  fro  beneath  the  emery  wheel,  which  is  given  a  transverse 
movement  so  as  to  cover  the  whole  of  the  surface  to  be  operated 
upon.  The  surface  speed  of  the  wheel  may  i-ange  from  3,000  to 
6,000  feet  per  minute. 

The  above  table  gives  the  maximum  speeds  of  caboi-undum 
wheels  of  various  diameters. 

The  accuracy  of  grinding  renders  the  use  of  tine  measuring 
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tools  a  necessity.      The  micrometer  caliper,  especially  M-itli  the 
vernier  gniduation,  is  best  suited  for  this  work. 

While  grinding  is  the  only  method  of  finishing  some  mate- 
rials, such  as  hardened  tool  steel,  and  the  most  accurate  way  for 
finishing  any  kind  of  stock,  its  value  as  an  economical  method  is 
just  beginning  to  be  recognized.  The  general  method  of  finishing 
lathe  work  has  been  to  tid^e  a  roughing  cut  with  about  iV  i'lch 
feed,  then  a  finishing  cut  with  about  Tun  i'lch  feed,  and  then  file 
to  remove  the  tool  marks.  In  the  majority  of  eases  it  is  more 
economical  as  well  as  nun-e  accurate  to  lake  a  roughing  cut  with 
J  inch  feed  to  within  3V  inch  of  the  size,  and  then  finish  by 
grinding. 

In  some  cases  it  is  possible  to  get  excellent  results  by 
grinding  to  size  direct  from  the  bar  without  previous  tni'iiing. 

Lapping  is  a  term  applied  to  a  particular  method  employed 
in  the  grinding  out  of  holes.  The  lap  consists  of  a  cylinder  of 
soft  metal  run  rapidly  inside  the  hole  to  be  lapped  and  covered 
with  emery  and  oil  at-  the  same  time.  The  surface  of  the  lap 
shoidd  invariably  be  of  soft  metal.  It  may  be  made  of  copper,  or 
it  may  be  an  iron  bar  witli  a  covering  of  lead  or  tin.  It  should 
be  turned  slightly  bipering  at  each  end,  so  that  it  will  enter  the 
hole.     At  the  middle,  it  should  be  a  tight  fit. 

The  end  of  the  bar  is  run  through  the  hole  and  set  on  the 
lathe  centers  with  a  dog  to  drive  it  like  an  ordinary  mandrel.  It 
is  covered  with  oil  and  sprinkled  with  emery.  The  lathe  is  then 
run  at  a  high  speed  and  the  ■work  moved  to  and  fro  over  the  lap. 
Light  pieces  may  be  held  in  the  hand.  When  this  is  done,  care 
should  be  fciken  to  turn  the  piece  so  that  the  grinding  may  be 
even  over  the  whole  circumference.  The  tendency  is,  when  hold- 
ing work  in  the  hand,  to  allow  it  to  rest  upon  the  top  of  the  lap; 
this  causes  the  grinding  to  be  done  on  one  side  of  the  hole  unless 
the  piece  is  frequently  turned.  Laps  may  be  used  for  grinding 
holes  true  and  parallel.  For  this  purpose  the  work  should  be 
accurately  centered  with  the  lap  and  firmly  bolted  to  the  lathe 
carriage.  The  lap  is  then  run  at  a  high  speed  and  the  work 
moved  to  and  fro  over  it- 
Laps  are  sometimes  used  for  grinding  flat  surfaces.  In  such 
cases  they  are  in   the  form  of  disks.     They  are  put  on   the  lathe 
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spindle  in  the  place  of  the  faceplate.  The  work  is  then  pressed 
against  the  disk.  As  the  outer  edge  of  tlie  disk  has  a  higher 
speed  in  feet  traveled  per  minute  than  those  portions  nearer  the 
center,  the  grinding  is  more  rapid  at  the  edges.  The  work  must, 
dierefore,  be  constantly  turned  if  it  is  held  in  the  hand.  The  best 
way  is  to  clamp  it  firmly  on  the  lathe  carriage,  and  press  it  against 
the  lap  by  means  of  the  hand  feed. 


F.g.  233. 


Laps  for  flat  sui-faces  have  grown  in  favor  so  rapidly  that 
soecial  machines  have  been  made  to  do  this  work.  The  construc- 
tion of  the  disk  grinder  can  be  so  readil}'  seen  from  the  illustration 
(Fig.  23'd),  that  a  detailed  description  does  not  seem  necessary. 
For  finishing  small  flat  surfaces,  especially  those  which  have  been 
hardened,  this  machine  has  become  an  important  factor  in  the 
modem  shop 
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LAYING    OUT  WORK. 


Laying  out  work  is  one  of  the  most  important  details  of 
machine  shop  practice.  Ordinarily  all  work  is  laid  out.  The 
exceptions  are  where  certiviu  pieces  are  wf)rked  from  templets, 
and  in  these  cases  the  templet  is  laid  out  from  certain  points  on 
the  casting,  forging,  punching,  or  whatever  is  used  for  the  work 
in  hand. 

Tlie  simplest  form  of  laying  out  work  is  to  he  found  in  the 
centering  of  round  bars  that  are  to  be  turned  in  the  lathe.  In 
tliis  case  tlic  end  of  the  piece  is  chalked.  Use  a  pair  of  her- 
maphrodite calipers,  set  the  points 
A  and  15  so  tliat  their  distance  apart 
is  a  little  more  than  the  radius  of  the 
piece.  Place  the  caliper  leg  at  three 
points  on  the  circumference.  A,  h, 
and  C  (Fig.  234),  and  describe  from 
each  the  arcs  of  circles  A'A',  B'H', 
and  C'C,  respectively.  Then  with 
tlie  prick  punch  mark  the  p)int  in- 
dicat<'d  by  the  small  circle  in  the 
center.  This  will  be  the  center. 
To  test  its  accuracy,  place  the  di- 
vider leg  in  the  prick  punch  mark  and  see  if  the  caliiicr  leg 
will  just  touch  the  bar  over  its  whole  surface. 

Before  drilling,  the  center  should  l)e  emphasized  willi  a  cen- 
ter punch. 

The  center  square  may  be  used  for  this  operation,  as  the 
center  can  lie  easily  located  at  the  intersection  of  two  diameters 
drawn  nearly  ?t  right  angles.  In  some  cases  it  is  l)etter  to  lay 
the  shaft  in  V  blocks  on  a  plate  and  use  the  surface  gauge,  draw- 
ing at  least  two  lines  through  the  center  of  the  piece. 

It  is  usually  necessary  to  cover  the  surface  of  the  work 
where  lines  must  be  visible,  with  chalk,  white  lead,  or  copperas, 
before  any  laying  out  can  be  done  ;  but  in  cases  of  this  kind  it  is 
usual  to  mark  directly  upon  the  end  of  the  bar.  Before  drilling, 
the  center  should  be  emphasized  with  a  center  punch. 
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TliL"  locations  for  holes  slioukl  be  at  the  intersection  of  lines 
iu  order  to  he  plain.  After  nuirking  the  center  with  a  prick 
punch,  take  a  i)air  of  dividers  and  scribe  a  circle  on  the  prepared 
surface  .concentric  with  tiie  center  already  located.  This  circle 
should  be  about  the  diameter  of  the  hole  to  be  diilled,  and  in 
many  good  shops  it  is  the  custom  to  draw  another  circle  concen- 
tric with  the  first  and  about  |"  larger  in  diameter.  This  outer 
circle  is  called  the  reference  circle,  and  is  for  the  benefit  of  the 
inspector  when  it  becomes  necessary  to  place  the  responsibility 
for  a  misplaced  hole.  These  circles  may  be  marked  with  at  least 
four  prick  punch  mark.s,  as  shown  in  Fig.  1C8,  in  order  to  indi- 
cate the  position  of  the  circle  in  case  of  the  ol)iiteration  of  tlie 
line.  The  center  is  then  deepened  by  the  center  punch  and  the 
Iiole  drilled.  In  laying  out  work,  the  first  thing  to  do  i.-s  to  "  snag  " 
tlie  work  ;  that  is,  remove  tlio  ridges  of  the  casting  caused  by  the 
pattern  being  ma.le  iu  two  or  more  parts.  For  small  castings  a 
coarse  file  is  generally  used,  while  for  large  work  the  cold  chi.sel 
is  used.  In  many  sliops  the  col(l  chisel  is  operated  l)y  compressed 
air. 

In  laying  out  work  for  the  planer  and  milling  machine 
great  care  must  be  exercised.  It  is  necessary  that  there  should 
be  a  base  line  to  which  the  lines  may  be  referred.  It  depends  on 
the  character  of  the  work  as  to  how  this  should  be  done.  Some- 
times it  is  quite  sufficient  to  lay  off  the  base  line  parallel  to  one 
side  of  the  casting  or  forging.  If  the  side  thus  used  is  to  be 
finished,  then  the  base  line  should  be  located  at  the  proper  dis- 
tance from  it  to  allow  for  the  finishing.  The  amount  required 
varies  with  the  character  of  the  casting  or  forging;  this  has  been 
fully  explained.  Usually  there  is  some  outline  of  the  rough  piece 
that  will  serve  as  a  guide. 

As  an  example  of  the  laying  out  of  work,  take  the  valve  and 
steam  chest  seats  shoM'u  in  Figs.  235  and  236.  The  Mork  is  to 
be  done  on  a  jjlaner.  The  cylinder  has  probably  been  bored.  It 
is  then  placed  on  the  planer,  and  so  set  that  the  center  line 
tlirough  the  cylinder  is  parallel  to  the  platen  of  the  planer.  The 
first  machine  work  to  be  done  is  the  taking  off  of  the  roughing 
cut  from  the  face  A.  This  face  is  to  be  planed  down  to  a  certain 
heigiit  above  the  cylinder  center;  this  height  may  be  marked  on 
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the  edge  of  the  valve  seat  by  tlie  prick  puncli  mark  15.  If  the 
surface  C  is  to  be  phuied  attlie  same  time,  its  height  is  indicated 
by  the  jirick  punch  mark  I).  These  points  luay  bo  h)cated  by 
lueans  of  the  surface  gauge.     Set  tlie  gauge  on  the   platen  and 


Fig.  235. 


elevate  the  point  to  the  proper  lieight.  Afove  it  so  that  it  will 
touch  the  side  of  the  casting  at  tlie  ])roper  point,  and  make  the 
marks  1»  and  I)  accoixlingly.     When  the  surfaces  A  and  C  have 
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received  the  roughing  cut,  the  plan  may  be  laid  off  as  in  Fig.  236. 
With  a  square  ha^nng  a  suitable  length  of  blade,  locate  the  points 
G  and  H  directly  over  the  center  line  of  the  cylinder.     Cover  the 
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siui'aces  A  and  C  with  chalk  where  lines  are  to  be  drawn.  Draw 
the  lines  I,  J,  K  and  L  on  the  surface  A,  between  G  and  H. 
Through  the  center  of  the  side  of  the  exhaust  port  draw  the 
lines  E  and  F  at  right  angles  to  GH.  This  is  done  with  a  scriber. 
Lay  off  half  the  width  of  the  exhiiust  port  on  either  side  of  E  and 
F,  and  draw  the  lines  MX  and  OP  parallel  to  E  and  F.  In  like 
manner,  draw  the  lines  QR  and  ST  for  the  limits  of  the  steam 
ports.  All  of  these  lines  are  to  be  emphasized  by  the  use  of 
prick  punch  marks  as  indicated. 

If  the  sides  of  the  valve  seat  are  to  be  finished,  the  line  to 
wliich  the  metal  is  to  be  cut  is  indicated  in  the  same  manner. 
Finally  the  holes  VVV,  etc.,  for  the  hokUng  down  studs  of 
the  steam  chest,  are  to  be  laid  out.  The  ceuter  lines  are  first 
drawn ;  then  the  centers  of  the 


holes  are  marked.  After  which 
the  circles  for  the  holes  are  di-awn 
as  already  described. 

Work  is  rarely  laid  out  for 
the  lathe._  It  is  not  necessary 
that  it  should  always  lie  done 
for  the    planer.     Laying  out  is  Pi^.  237. 

employed  where  accuracy  is  es- 
sential, and,  where  it  is  possible  to  secure  the  proper  dimensions, 
with  the  piece  to  be  ojxjrated  upon  in  position  on  tlie  machine. 

The  man  who  has  charge  of  the  work  of  laying  out  should 
have  some  knowledge  of  tlie  elementary  principles  of  geometry, 
he  should  also  have  some  knowledge  of  drawing,  and  should, 
of  course,  be  able  to  read  drawings. 

A  few  general  suggestions  may  be  given  regarding  work  to 
be  finished  in  the  vise  on  either  the  planer,  shaper,  or  the  milling 
machine,  where  several  faces  are  to  be  firiished  at  right  angles 
to  one  iinother.  Referring  to  the  rectangular  block  of  Fig. 
237,  the  block  is  first  placed  in  the  vise  A\ith  the  face  MXOP 
down,  and  the  face  ilADP  against  the  fixed  jaw.  The  face 
ABCD  is  then  machined,  and  the  work  turned  so  that  ABCD 
is  against  the  fixed  jaw  and  MADP  down.  With  the  block 
in  this  position,  XBCO  is  worked,  making  X'BCO  at  right 
angles  to  ABCD.     With  ABCD  still  against  the  fixed  jaw,  and 
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NBCO  down,  surface  MADl'  is  next  worked.  This  brings  two 
eilges  at  j-ight  angles  to  tlie  same  side  and  parallel  to  each  other. 
Then,  placing  A  BCD  down  and  either  MADP  or  JvBC'O  against 
the  fixed  jaw,  surface  MNOP  is  generated  parallel  to  A  BCD. 
This  leaves  tlie  ends  to  be  finished.  The  vise  is  swung  so  that 
the  fixed  jaw  is  at  right  angles  to  the  line  of  motion  of  the  tool, 
and  on  the  planer  and  shaper,  they  are  finished  by  using  the  verti- 
cal feed.  In  the  two  last  named  tools,  the  tool  holder  is  swung 
so  that  the  tool  -will  dear  the  work  easily  on  the  return  stroke. 

In  working  cist  iron,  it  is  well  to  chamfer  tlie  edges  with  ^ 
file.  If  this  is  not  done,  the  metal  will  break  off  when  the  tool 
reaches  the  end  of  the  cut,  leaving  a  ragged  edge.  The  deptli  of 
the  chamfer  depends  on  the  amount  of  nietid  to  be  removed. 

Fitting  is  the  term  generally  applied  to  tiie  hand  work  neces- 
sary in  assembling  machinery  after  all  tlie  machine  work  has  l)een 
done.  Filing,  eitlier  in  tlie  vise  or  lathe,  and  scraping  are  the 
operations  usually  required,  although  tiie  hammer  and  chisel  are 
sometimes  used.  As  hand  work  costs  much  more  than  machine 
work,  the  machining  is  done  as  closely  as  passible  to  make  the 
baud  work  a  very  small  item. 

SHOP   SUaOESTIONS. 

In  the  regular  work  of  any  shop,  occasions  are  constantly 
arising  for  tlie  determination  of  the  best  method  of  dning  work. 
The  success  with  which  the  desired  end  is  attained  dejiends  ujwn 
the  skill  and  judgment  of  the  man  in  charge.  While  it  is 
imjx>ssible  in  a  limited  space  to  give  instructions  regarding  every 
possible  emergency  that  may  arise,  a  few  suggestions  i-egarding 
shop  practice  will  be  valuable. 

Pening  consists  in  the  stretching  of  the  metixl  on  one  side  of 
a  piece  of  work  in  order  to  alter  its  shape.  There  is  a  wide 
difference  between  pening  and  bending.  For  example,  suppose 
the  curved  or  warped  piece  in  Fig.  238,  is  to  be  straightened.  If 
it  were  to  be  bent  until  it  were  straight,  it  would  be  placed  on 
the  blocks  A  with  the  concave  surface  down,  as  shown  by  the 
dotted  lines.  It  could  then  be  struck  by  the  hammer  and  driven 
down  past  the  line  of  support,  and  strained  so  that  it  would 
'^main  approximately  straight.     Such  a  method  of  straiglitening 
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could  uut  be  applied  to  a  pioue  of  complicated  outlines.  It  would 
reuj^'.n  wavy.  In  pening  to  trutli  such  a  piece  as  shown  in  Fig. 
238  is  laid  on  an  anvil  with  the  convex  surface  down.  It 
is  tlien  sti'uck  with  the  pene  of  the  hannner  on  the  concave  side. 
The  blow  must  be  quick  and  sharp.  The  result  is  that  the  metal 
is  stretched  at  the  point  whei-e  the  blow  is  struck.  By  working 
successive!}"  over  the  whole  surface  the  concave  side  is  stretched 
so  that  it  is  equal,  in  its  din)ensions,  to  the  convex  side.  The 
piece  then  becomes  straight  and  will  so  remain.  A  skillful  use  of 
the  hannner  wiU  sti'aighten  almost  any  warped  piece  of  tliin 
niettil. 

Drilling  Hard  Metals.     It  is  sometimes  desirable  to  drill  a 
hole  in  very  hard  metal.     l"o  do  this  the  drill  must  be  made  very 
hard ;  it  must  be  i-un  at  a  very 
slow  speed ;   it    must    be    forced 
against    the    work    as    hard    as  //~^ 

possible    without    breaking    the  V-J^ 

point,  and  it   must   be    j^rovided 
with  an  abundant  supply  of  oil. 
For    excessive    hardening    of    a     y///M////mm/////£v:y////m///m 
drill,  it  may  be  heated  to  a  dull  Fig.  238. 

red  heat,  preferably  in  a  chai'coal 

fire,  and  quenched  in  mercury  instead  of  water.  It  will  also  assist 
in  the  operation  if  the  surface  of  the  metal  to  be  drilled  is  nicked 
with  a  cold  chisel  before  work  is  begun.  In  some  cases  turpen- 
tine, in  place  of  oil,  may  be  used  with  beneficial  results. 

Thin  chilled  cast  iron  may  be  softened  by  placing  a  small 
piece  of  sulphur  on  the  place  where  a  hole  is  desired  and  then 
heating  slowly  to  a  dull  red. 

Glass  may  also  be  drilled.  There  are  two  methods  :  one  is 
to  use  a  fiat  drill  moistened  with  camphor  and  turpentine,  and  the 
other  is  to  use  a  copper  tube  with  No.  60  emerj-  or  carborundum 
and  oil.  In  the  last  method,  drill  half-way  through,  reverse,  and 
drill  to  meet,  removing  the  fin  at  the  center  with  a  round  file  wet 
vdth  water  or  turpentine. 

Grinding  Valves.  This  is  a  kind  of  grmding  that  is  usually 
done  by  hand.  It  consists  of  fitting  a  valve  and  its  seat  so  that 
they  are  in  metallic  contact.     In  its  results  it  is   the  samft  as 
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scraping.  The  process  is  very  simple.  Tlie  valve  is  coated  with 
oil  and  some  fine  emery  sprinkled  over  it.  It  is  then  put  on  the 
seat  and  worked  back  and  forth  or  revolved.  Tlie  emery  serves 
to  grind  off  the  higii  surfaces  of  each.  After  grinding  for  a  time, 
remove  the  valve  and  wipe  both  surfaces  clean.  The  metal  on 
each  will  show  where  they  have  been  in  contact.  When  these 
indications  appear  over  the  whole  of  the  surface,  or  in  a  continu- 
ous ring  about  tlie  seat  of  a  circular  valve,  the  work  is  completed. 

To  generate  a  surface  plate  it  is  necessary  to  work  with  three 
at  the  same  time.  For  the  sake  of  making  the  explanation  clear 
they  will  l)e  called  A,  B,  and  C.  After  the  plates  have  been 
planed,  a  straight  edge  should  be  laid  on  each.  A  stniight  edge 
is  merely  a  piece  of  flat  steel  having  one  or  both  edges  true  and 
straight.  Set  the  straight  edge  on  the  plates  in  all  directions. 
If  it  touches  over  its  whole  length  in  all  jxisitions,  then  the  plates 
are  ready  for  scntping.  If  it  touches  at  the  edges  of  the  i)late 
and  is  dear  in  tiie  center,  the  former  are  high  and  should  be  filed 
down.  If  it  touches  in  the  center  and  rocks  to  and  fro,  the  plate 
is  convex  and  the  center  must  be  filed  down.  After  the  jtlates 
have  been  filed  to  truth  as  far  as  truth  can  be  indicated  by  the 
straight  edge,  they  are  ready  for  scraping. 

Now  take  plates  A  and  B  and  place  them  face  to  face. 
Strike  a  blow  on  the  upper  one,  and  it  will  cause  a  jarring  sound 
to  be  heai-d.  This  shows  that  the  two  are  not  in  perfect  contact. 
Smear  the  surface  of  plate  A  with  a  thin  mixture  of  red  lead  and 
oil.  Cover  the  surface  evenly  and  thinlj'.  Then  rub  the  two 
plates  together,  and  where  the  red  lead  rubs  off  on  to  the  surface 
of  plate  B  the  two  come  in  contact.  Take  the  scraper  and  scrape 
off  a  little  of  the  metal  from  each  of  the  plates  where  they 'have 
been  in  contact.  Wipe  off  plate  B,  and  again  smearing  plate  A, 
proceed  as  before.  Continue  this  process  until  the  two  surfaces 
are  in  contact  over  their  whole  areas.  This  does  not  prove,  how- 
ever, that  they  are  flat.  They  may  be  in  contact,  as  required,  if 
A  is  convex  and  B  is  concave.  To  test  this  the  third  plate  is 
necessary.  Smear  plate  B  with  red  lead  and  scrape  C  to  fit  it. 
Do  not  touch  A.  It  is  e\adent  that  A  and  C  will  then  be  alike. 
Bring  them  together.  If  they  are  both  convex  they  will  roll  over 
each  other.     If  they  are  concave  they  will  bear  at  their  edges  and 
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not  touch  in  the  center.  They  will  ap'xsiir  to  be  out  of  truth  by 
t\^■ic^  the  actual  amount.  Scrape  ofY  the  contact  points  of  A  and 
C.  Remove  as  nearly'  as  possible  the  same  amount  of  metal  from 
each.  When  tliese  two  plates  have  been  brought  so  as  to  be  in 
contact  over  their  whole  areas,  lay  jilate  A  aside  and  scrape  B 
'jutil  it  lits  C,  but  do  not  touch  A.  Then  try  A  and  B  together. 
Il  the}'  do  not  touch  over  their  whole  areas,  treat  them  as  Ijefore 
described  for  A  and  C.  Then  introduce  C  again.  Continue  this 
alternating  process  antil  the  three  plates  form  a  bearing  over  the 
whole  of  the  surface  of  each  of  the  other  t,vo. 

Daring  the  latter  part  of  the  process,  use  alcohol  instead  of 
red  lead.  This  will  leave  clean,  bright  spots  at  the  points  of 
contact. 

Fitting  Brasses  is  a  piece  of  work  that  is  now  usually  done 
on  a  machine,  liut  which  is  sometimes  done  by  hand.  Brasses  that 
are  to  be  used  for  connecting  rods,  c 

and  which  are  made  in  two  pieces 
as  shown  in  Fig.  239,  have  a  ten- 
dency to  warp  after  the  machme 
work  has  been  done  upon  them. 
The  difficulty  arises  from  their 
closing  along  the  diameter  A. 
Thus  if  the  brass  is  finished,  and 
the  hole  bored  out  to  the  proper 
diameter,  and  is  then  cut  apart  on  ^'S-  239. 

the  line  CD,  it  will  be  found,  shortly  afterwards,  that  the  di- 
ameter A  is  less  than  the  diameter  B.  It  may,  therefore,  be 
necessary  to  bore  the  hole  somewhat  larger  than  the  work- 
ing diameter.  The  kerf  made  by  the  saw  ■\\dll  usually  allow 
tiie  parts  to  be  drawn  together  along  the  diameter  B  so  that  it 
will  more  than  make  up  for  the  shrinkage  at  A.  The  hole  can 
tiien  be  scraped  to  fit  the  pin.  The  brasses  should  always  lie 
kej-ed  solidly  metal  to  metal.  This  avoids  a  wear  of  the  sides 
and  edges  of  the  metal  due  to  the  thi-ust  of  the  rod. 

Joints.  Where  a  gas  or  liquid  is  to  be  retained  in  a  pijie 
or  other  vessel  without  leakage,  a  tight  joint  is  necessary.  The 
method  of  grinding  valves  to  their  seats  has  already  been  ex- 
plained.     In   that  case  it  was  shown  that  a   metallic   contact 
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between  the  valve  and  its  seat  is  all  tliat  is  required  h\  ordei 
to  make  it  a  tij^lit  joint.  Two  surfaces  that  havt;  heen  scruiHjd  tn 
fit  will  .also  acconiplisli  the  same  purpose.  Tliis  is  frequently  too 
expensive  an  operation  to  he  |x;rforined,  esjiecially  on  rougli 
work.  In  such  places  a  soft  material  may  he  interposed  hetween 
the  two  surfaces.  Where  the  joint  is  to  he  a  i)eniianent  one  and 
is  not  to  be  taken  down,  the  red  lead  joint  is  usually  enqihiyed. 
This  consists  in  the  use  of  a  mixture  of  red  and  white  lead 
between  the  joints.  To  ordinary  white  lead  ground  in  nil  add 
enough  dry  red  lead  to  make  a  paste  that  can  he  spread  without 
sticking  to  tlie  blade  with  which  it  is  apphed.  After  the  mixture 
has  been  made,  it  will  be  improved  by  pounding  it  well  with  the 
hammer.  It  may  then  he  laid  hetween  the  two  pieces  of  metsd 
forming  the  sides  of  the  joint  and  the  latter  be  drawn  together. 
Red  lead  joints  are  extensively  used  in  pipe  fitting.  The  red 
lead  has  a  tendency  to  rust  the  iron  \vith  which  it  is  in  contact, 
and  thus  form  a  very  tight  connection  between  the  two  pieces. 
Where  provision  is  to  be  made  for  taking  down  the  joint  at  a 
future  time,  it  is  better  to  use  a  graphite  paste  made  for  the  pur- 
pose. This  does  not  rust  the  metal ;  it  forms  a  perfectly  tight 
joint  and  one  which  may  be  taken  down  without  difficulty  at 
any  time. 

Joints  that  are  subject  to  occasional  disconnecting  can  be 
best  held  by  a  disk  of  rubber  {tacking.  The  latter  is  cut  to  fit 
the  flanges  between  which  the  joint  is  to  be  made,  and  they  are 
then  drawn  tightly  together. 

Joints  that  are  to  be  frequently  taken  down  are  usually 
packed  with  a  piece  of  copper  wire.  Such  a  place  is  the  joint 
between  the  steam  chest  and  cylinder  of  a  locomotive  engine. 
A  groove  is  cut  in  the  two  surfaces  and  a  copper  wire  is  laid 
therein.  This  Avire  should  be  about  ^  inch  in  diameter.  Its 
size,  however,  depends  upon  the  joint  to  be  packed.  The  ends 
of  the  ^ire  are  soldered  together  so  that  no  leakage  may  occur 
past  the  ends. 

Another  form  of  joint  is  the  rust  joint.  This  is  always 
permanent  in  character.  The  making  of  such  a  joint  consists  in 
rusting  the  two  surfaces  together.  The  following  are  the  pro- 
portions by  weight   of  the  rusting  material:  100   parts  of  iron 
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turnings  ;  1  part  of  sai  ammoniac,  and  |  part  of  sulphur.  The 
setting  of  the  joint  can  be  hastened  hy  increasing  the  amount  of 
sal  anunoniac  from  15  to  25  per  cent.  ]\lix  the  ingredients 
thoroughly  and  just  cover  them  witli  water. 

Fluting  Rollers.  Where  feed  rollers  such  as  those  used  in 
wood-working  machinery  are  to  be  turned  and  fluted,  the  turning 
should  alwa3's  be  done  fii'st.  This  insures  a  continuous  surface 
tor  the  cutting  tool.  Where  old  rollers  are  to  be  re-turned  and 
tinted,  the  same  rule  applies.  The  fluted  surface  may  be  turned 
to  size.  The  lathe  tool  will  break  the  edge  of  the  ribs  away 
but  when  the  fluting  is  done,  these  edges  are  again  made  smooth 
The  fluting  can  be  done  on  a  planer  with  a  round-nosed  tool. 
The  roller  should  be  held  on  centers  and  clamped  so  that  each 
groove  may  be  presented  to  the  tool  in  succession.  A  planer 
center,  as  illustrated  in  Fig.  178,  afliords  a  convenient  method 
of  holding  and  turning  the  work. 

5cale.  Whenever  a  piece  of  cast  iron  is  to  be  turned,  the 
])oint  of  the  tool  should  abvays  be  made  to  work  beneath  the  scale. 
The  scale  is  the  hard  outc"  shell  that  covers  all  cast  iron  as  it 
comes  from  the  foundry.  It  is  very  hard  and  Ijrittle.  If  the 
edge  of  the  tool  is  made  to  work  in  or  against  it,  that  edge  will 
soon  be  dulled.  If  it  is  beneath  it,  the  raising  of  the  chip  cracks 
and  removes  the  scale. 

Pickling.  Where  castings  are  to  be  worked,  either  in  the  lathe 
or  planer,  to  dimensions  onlj-  a  little  less  than  that  when  rough, 
they  should  be  pickled.  This  consists  in  washing  them  with  a 
solution  of  sulphuric  acid  and  water.  The  castings  may  be 
either  submerged  in  or  swabbed  with  the  solution.  The  effect  of 
pickling  is  to  cause  the  scale  to  drop  off  in  flakes,  leaving  the 
metal  bare,  unprotected  and  rusty.  The  casting  should  then  be 
washed  with  a  sal  soda  solution.  A  good  solution  for  tliis  work 
is  to  use  1  part  of  commercial  sulphuric  acid  in  10  parts  of  water. 

Cold  Chisels.  It  is  well  to  use  a  coarser  grade  of  steel  for 
cold  chisels  than  for  latiie  or  planer  tools.  A  coarse-grained 
metal  is  preferaltle  because  the  continual  hammering  in  use  and 
redressing  will  gradually  modify  the  granular  structure  until  it  is 
microscopic  in  its  fineness.  In  dressing,  it  should  never  be  heated 
above  a  cherry  red,  and  the  temper  should  be  drawn  well  down 
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so  that  the  soft  metiil  bucks  uji  tlie  edge.  A  capacity  to  receive 
ii  multitude  of  grindings  is  not  what  is  wanted.  The  tool  must 
be  able  to  endure  the  severe  service  for  which  it  is  intended. 
It  must  cut  into  a  distorted  mass  of  metiil,  wliere  every  blow 
gives  it  a  shock  tending  to  form  a  new  arrangement  of  its  jiarti- 
cles.  It  never  receives  the  steady  pressure  of  the  lathe  tool, 
hence  its  powers  of  endurance  must  be  greater. 

Lininj;  Shafting.  In  e<]uipping  a  shop,  the  fwst  work  of 
tlie  machinist  is  the  erection  of  tlie  shafting.  Tlie  main  line 
shouhl  lie  tlie  first  laid  out,  and  the  engine,  together  with  the 
jack  and  countei-shafting,  must  be  located  from  it.  Alter  placing 
the  hangei-s  as  nearly  as  possible  in  a  horizontal  line,  (he  shafting 
should  be  placed  in  the  boxes  and  attadied  to  the  hangers.     Foi 


lining  the  shaft,  a  level  and  a  fine  grass  or  silk  line  are  indispen- 
sable. The  line  is  tightly  drawn,  horizontally,  a  short  distance 
from  the  position  it  is  desired  that  the  shaft  shall  occupy,  and 
the  distance  from  the  surface  of  the  shaft  to  the  line  is  measured 
and  made  equal  near  each  hanger  by  a  stick  such  as  is  shown  in 
Fig.  240. 

The  level  is  used  to  make  the  shaft  horizontid,  and,  if  the 
hangers  are  adjustable  in  two  planes,  the  operation  is  quite  rapid. 

When  other  shafting  is  to  be  erected  parallel  to  the  first,  if 
the  distance  does  not  exceed  twelve  or  fifteen  feet,  a  long  stick 
such  as  shown  in  Fig.  241  may  be  used  by  driving  a  nail  into  tlie 
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end  of  the  stick  to  allow  some  adjustment.  The  level  is  used  as 
before. 

When  the  distance  is  great,  or  obstacles  prevent  the  use  of 
the  stick  as  suggested,  a  line  may  be  drawn  on  the  floor  of  the 
shop  by  dropping  a  plumb  line  from  near  the  ends  of  the  first 
siiaft  and  connecting  the  points  located.  Another  line,  directly 
under  the  desired  location,  may  be  drawn  by  direct  measurement, 
and  the  second  shaft  erected  by  dropping  a  plumb  line  to  this 
second  floor  line  near  the  ends  of  the  second  shaft.  Tliis  method 
may  be  employed,  with  such  variations  as  the  case  may  demand, 
even  though  a  lloor  or  wall  be  between  the  locations. 

In  leveling  up  long  lines,  or  around  machines,  or  through 
walls,  the  hydrostatic  level  is  a  most  convenient  tool.  It  consists 
of  two  graduated  glass  tubes  set  in  suitable  bases  and  connected 
by  a  rubber  tube.  When  the  rubber  tube  is  filled  with  water, 
and  the  glass  tubes  placed  vertically  on  the  shaft,  the  fluid  should 
stand  at  the  same  gradation  in  each  glass.  These  levels  are 
made  with  self-acting  valves  to  prevent  the  escape  of  the  fluid. 

When  pulle3-s  or  hangers  make  the  direct  application  of  a 
level    to    the  shaft   impracticable,  leveling    hooks,  in  connection 


Fig.  241. 
with  a  wooden  straight-edge,  as  shown  in  Fig.  240  are  very  con- 
venient.    These  may  be  made  of  wood  or  metal,  and  of  lengths 
suitable  to  the  case  in  hand. 

Machine  Setting.  After  the  shafting  is  erected,  comes  the 
setting  of  machines.  The  countershafts  are  first  erected  parallel 
to  the  main  line,  and  with  due  regard  to  the  location  of  the 
machine.  The  machine  is  then  placed  with  its  driving  shaft 
pandlel  to  the  counter  by  use  of  the  plumb  line,  and  the  platen, 
table,  or  other  horizonbd  surface  carefully  leveled,  in  two  planes, 
by  wedging  up  the  machine  with  common  shingles.  It  is  then 
secured  to  the  floor  by  lag  screws. 

When  the  machines  are  very  heavy,  and  stone  or  masonry 
foundations  necessary,  anchor  bolts  are  built  into  the  foundation 
at   suitable    points    or   holes    drilled    for   expansion    bolts.     Thfl 
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machine  is  then  lined  and  leveled  as  already  suggested,  but  the 
bottom  of  the  machine  is  usually  a  rough  casting,  the  top  of 
the  stone  foundation  is  still  rougher,  and  as  the  wedges  are  likel}' 
to  slip  out  under  the  jarring  of  the  machine,  a  jiermanent  support 
must  be  provided.  This  may  be  done  by  pouring  melted  sulphur 
beneath  the  bed.  To  do  this,  build  a  dam  of  clay  or  sand  all 
around  the  bed  and  about  2  inclies  high.  Melt  ordinary  stick 
sulpiiur  or  brimstone  in  ladles,  and  pour  in  at  several  points  at 
once.  Keep  the  space  flooded  until  the  dam  is  well  filled,  and 
allow  it  to  harden.  This  will  occur  very  quickly,  after  which 
the  dam  may  be  removed  and  the  sulphur  cut  away  from  tiie  edge 
of  tlie  machine.  Care  must  be  taken  that  tlie  temperature  of  the 
sulphur  is  as  high  as  possible  before  pouring.  Unless  this  is 
done  it  will  cool  and  set  before  reaching  the  inmost  recesses  be- 
neath the  machine.  It  will  then  crumble  because  of  insuflicieiit 
bearing  surface  to  carry  the  imposed  weight.  The  nuts  are  then 
screwed  down  on  the  bolts  and  the  machine  is  secure. 

Belting.  The  shafting  and  machines  are  usually  driven  by 
belting,  and  a  few  remarks  on  this  subject  may  be  desirable. 
Leather  is  the  material  generally  employed,  and  the  belting  may 
be  from  single  to  six-ply  in  any  suitable  width.  Single  belting 
has  a  flesh  and  a  gniin  or  hair  side,  and  should  be  run  with  the 
grain  side  in  contact  with  the  pulley.  The  ends  are  cut  square, 
and  fastened  by  hooks,  coiled  wire,  or  rawhide  lacing. 

Leather  belting  is  injured  by  water,  steam,  oil,  and  tempera- 
ture above  110°  F.  Where  such  conditions  exist,  cotton  belts, 
faced  \vith  thin  leather,  or  rubber  belts  may  be  used.  These  belts- 
are  cheaper  than  leather,  are  about  as  strong,  and  will  transmit 
power  as  effectually ;  but  they  will  not  stand  mutilation  of  the 
edges.  This  is  a  point  of  prime  importance,  and  pn  hibits  their 
use  in  many  cases. 

The  power  transmitted  by  a  belt  is  directly  proportional  to 
its  speed  and  width.  A  safe  rule  is  to  allow  one  horse-power  for 
a  speed  of  1.000  feet  per  minute,  -with  a  single-thick  belt  one  inch 
wide.  This  is  a  more  liberal  allowance  in  favgr  of  the  belt  than 
is  usually  given,  but  will  increase  the  life  of  the  belt  in  far  greater 
proportion  than  the  increase  in  first  cost.  Double  belts  will 
transmit  about  one  aud  one-half  times  as  much  power  as  single 
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belts.  The  above  rule  applies  to  belts  running  over  pulleys  of 
equal  diameter,  or,  in  other  words,  to  cases  where  the  arc  of  con- 
tact is  180°.  For  smaller  arcs  of  contact  use  the  coeilicicnts 
found  iu  the  foUowinsr  table : 


90° 

100° 

110° 

120° 

130° 

140° 

150° 

160° 

170° 

180° 

200" 

.65 

.70 

.75 

.79 

.83 

.87 

.91 

.91 

.97 

1. 

1.05 

To  increase  the  power  transmitted,  either  increase  the  speed 
of  the  belt  by  using  larger  pulleys,  or  use  a  wider  belt. 

A  3-inch  single  belt  is  running  over  a  24-inch  driving  pulley 
which  makes  200  R.P.M.  (revolutions  per  minute).  How  many 
II. P.  will  it  transmit? 

The  circumference  of  the  pulley  in  feet  is  2  x  3.1416  = 
6.2832  feet.  As  the  speed  of  the  pulley  is  200  R.P.]\I.,  the  speed 
of  the  belt  will  be  200  x  6.2832  =  1256.64  feet  per  minute.  For 
every  inch  of  width  it  will  transmit  1256.64  -r-  1000  =  1.25664 
II. P.  Then  a  3-inch  belt  will  transmit  3  x  1.25664  =  3.76992 
H.P.  Ans.  3.75  H.P.  (approx.). 

It  is  aesired  to  increase  the  H.P.  iu  the  above  example  to 
5  H.P.     How  may  it  be  done? 

(1).  By  using  a  wider  belt  in  the  pi-oportion  of  3.75  to  5. 
3.75  :  5  : :  3  :  4.  Ans.,   By  using  a  4-inch  belt. 

(2).  By  using  a  larger  pulley  in  the  same  proportion. 
3.75  :  6  ::  24:  32.  Ans.    By  using  a  32-inch  pulley. 

(3).  Ey  using  a  double  belt.  1  : 1.5  : :  3.75  :  5.63.  This 
weald  give  a  little  better  result  than  required. 


CUTTErf    8    IN.     DIAMETER.    SPEED    40     FEET    PcR     MINUTE. 
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CUTTER  -K-IN.  DIAMETER.  SPEED  83  FEET  PER  MINUTE. 

Examples  of  Plain  MlUlng. 

Cincinnati  Milling  Machine  Co. 


THE  VERTICAL  MILLING  MACHINE 


Among  the  iiuiiiy  Dew  iiiacliines  that  have  heeii  Ixiilt  and  jmt 
on  the  market  within  the  last  decade  and  a  half,  we  douht  if  any 
has  become  more  indispensable  to  the  manufacturer  of  machinery 
of  every  description  than  the  Vertical  Milling  Machine.  Its 
advantages  over  even  the  lat- 
est desicrns  of  the  horizontal 


Fig.  1.    Modern  Vertical  MilUug 
Machine. 


Facing  a  Plane  Surface  witb 
Inserted-Tooth  Tool. 


type  are  now  universally  recognized  for  many  classes  of  manufac- 
tured work.  For  finishing  surfaces — usually  done  on  the  planer 
or  shaper  or  in  the  lathe- — the  vertical  milling  machine  fills  a  place 
ill  general  manufacturing  plants  with  absolute  succes:^.  For  cir- 
cular or  straight  work,  for  finishing  surfaces  both  horizontal  and 
vertical  that  are  either  difficult  or  impossible  to  get  at  with  lathe  or 
planer,  the  vertical  machine  has  no  equal.  It  is  impossible  to  ex- 
aggerate its  utility  as  an  economizer  of  labor  and  as  a  producer  of 
work  impossible' to  perform  with  other  tools. 

In  Fig.  2  is  shown  a  twelve-inch  inserted-tooth  face  mill,  rough- 
ing  off  a  plane  surface,  and  this  also  shows  the  correct  practice  in 
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using  cutters  of  this  kind  on  a  vertical  machine.  The  cutter  is 
fitted  to  the  nose  of  the  spindle  which  secures  great  rigidity.  Its 
economy  over  a  planer  in  this  class  of  work  is  from  three  (and  even 
more)  to  one;  and  if  the  parts  have  to  be  scraped  to  a  fit  or  a  finish, 
the  labor  is  reduced  in  like  proportion. 

On  the  other  hand,  if  it  is  necessary  to  cut  into  the  recess  in 
the  center  of  the  casting,  n   ciitfcr  similar   to  that  shown  in   I  jir.  ;; 


W\ 
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^ 
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I'ij;.  3      I-nlversal  Clltt.-r 
Side  .Milling. 


I"l^'    I      Small  Parts  K.iplilly  Finished  in 
\'iTtical  MiUlug  Machiue. 


could  be  used.  This  style  of  tool  on  a  vertical  milling  machine  is 
what  might  be  called  a  "universal  cutter,"  or  "endand-side"  mill; 
and  Fig.  3  shows  Low  it  is  used  on  what  would  be  an  awkward  job 
to  do  on  the  planer.  It  matters  not  whether  the  end  of  the  table 
to  be  milled  is  one  or  six  inches  thick;  at  the  lowest  estimate  the 
jilaner  is  the  loser,  three  to  one.  If,  for  instance,  the  piece  is 
comparatively  short,  and  requires  finishing  on  both  ends,  no  change 
of  tools  is  necessary,  the  table  being  simply  moved  along  until 
the  other  end  of  the  piece  is  in  position  to  be  milled  to  its  projjer 
dimensions. 

The  advantage  on  small  pieces,  as  shown  in  Fig.  4.  is  mani- 
fest; and  the  same  style  of  cutter,  if  used  as  a  combined  end-and- 
side  mill,  will  do  more  in  one  hour  than  could  be  accomplished  by 
a  shaper  in  six  hours.     This  class  of  work  as  a  rule  uses  up  much 
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tiiiH'  oil  iiiacluiR'S  lluit  could  he  employed  to  better  economy  on 
oilier  aiul  l.iro;iT  work;  while  the  fact  tiiat  the  same  tool  can  he  used 
for  workiiio-  on  either  siile  or  the  surface  without  change,  recom- 
mends vertical  milling  to  the 
up- to-date  manufacturer. 

Milling  or  planing  spots 


Fig.  5.    Facing  Spots  at  Irregul 
Intervals  and  at  Kight  Angles. 


Finishing  Inside  E.lge 
Casting 


that  come  at  irregular  Intervals  or  at  right  angles  with  each  other, 
has  never  been  a  practical  operation   in   the  general  run  of  work 


Fig.  7.    Finishing  Horizontal  Plane  a 
\  ertii-al  L'nrve  at  one  Operation. 


found 


Fig.  s.     Ail  l.x.ui.p,.-  ..I  Ai,4Ul.ir  .Milling. 

achine  shops.     The  work- is  usually  done  by  hand,  or. 
when  rec^uired  to  be  of  a  better  Unish,  is  counter  bored.      Take  for 


215 


VERTICAL  MILLING  MACHINE 


instance  a  bracket,  as  shown  in  Fig.  5,  with  spots  to  be  finished 
on  botii  ends,  on  the  inside,  at  different  levels  and  at  rigiit  angles 
with  each  other — a  difticult  subject  to  handle  by  any  method  other 
than  the  use  of  a  vertical  milling  machine.  This  class  of  work 
can  be  done  at  an  economy  of  four  to  one  over  any  other  method, 
with  a  saving  of  time  on  all  subsequent  operations;  and  it  also 
insures  all  surfaces  being  parallel  or  square  with  each  other,  with- 
out changing  the  setting  of  the  work. 

On  the  piece  shown  in  Fig.  6,  the  same  style  of  cutter  could 
be  used  for  finishing  spots  on  the  insiile  surface  of  a  casting,  or  for 
finishing  the  top  fdi.rc  <>f  tlic  casting,  nr   (lir   top  and   siiles  of  the 


Fig.!'.     V.nir.it.  H..n7,..nl.,l.  an.l  AiiL,Milar  Fimii.    i  ircular  I3evcl  Milling. 

Milling  with  Two  Tools.  ^  ^ 

plate,  by  which  it  is  fastened  to  the  machine.  In  the  hands  of  a 
skillful  workman,  even  the  outside  irregular  surface  could  be  easily 
finished  with  an  economy  over  any  other  method,  of  ten  to  one. 

The  universal  use  of  the  end-and-side  mill  in  the  vertical  mill- 
ing machine  is  strikingly  shown  in  Fig.  7,  where  one  is  used  in 
finishing  a  horizontal  plane  surface  and  the  vertical  segment  of  an 
arc,  at  one  operation  and  in  one-tenth  of  the  time  required  in  a 
lathe.  An  end-and-side  mill  should  as  a  rule  be  made  with  special 
flutes;  and,  if  over  one  and  one-half  inches  in  diameter,  it  would 
be  of  advantage  to  have  the  teeth  nicked  to  break  up  the  chips. 

Two  examples  of  angular  milling  are  shown  in  Figs.  8  and  9; 


216 


VEKTICAL  MILLING  MACHINE 


and  in  each  case  it  may  be  noticed  that  there  are  vertical  surfaces 
to  be  milled,  and  also  horizontal  edges  to  be  linisbed.  These  are 
taken  care  of,  first  by  the  use  of  the  end-and-side  mill  shown  stand- 
ing on  the  .table  in  Fio-.  9- 
and  then  the  angular  or  dove- 
tail mill  is  substituted,  atid 
the  undercut  is  made.  One 
can  readily  see  that  there  is 
no  end  to  the  work  of  this 
kind  that  can  be  done — slot- 
ting in  places  absolutely  in- 
accessible to  ordinary  meth- 
ods; undercutting  and  bevel 
or  dovetail  work  in  straicrht 
line  or  circle;  and  inside  pro- 
file work,  either  freehand  or 
by  the  use  of  profile  pattern 
gauges.  Some  of  this  work 
can  be  done  by  no  other 
method  on  a  machine,  and, 
until  the  advent  of  the  vertical  milling  machine,  was  done  by 
hand.     The  saving  in  time  on  such  work  will  cover  the  expense  of 

the  machine  in  a  compara- 
tively short  time,  let  alone 
the  accuracy  and  amount  of 
the  work  performed. 

Fig  10  shows  an  exam- 
ple of  outside  and  inside  bevel 
circular  milling;  and  the 
piece  lying  on  the  platen 
shows  also  a  circular  recess 
done  by  the  end-and-side 
mill.  In  fact,  all  the  finish 
on  this  piece — top,  bottom, 
inside,  and  outside — has  been 
done  by  the  use  of  the  bevel  and  the  end-and-side-mill,  on  a  power- 
driven  rotary  table,  at  a  saving  over  the  method  of  turning  on  a 
lathe,  of  four-fifths  of  the  cost. 


Fig.  11,    Ball  Cutter  Used  with  Re 
Table. 


Fig.  13.    Method  of  Cutting  Sluts 
Edge  of  Blauk. 
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The  T-slots  in  tbe  rotary  table  are  doue  with  a  T-slot  cutter. 
Tlie  ball  cutter  used  in  connection  with  the  rotary  table  is  shown 
in  P'ijf.  11;  and  it  can  be  readily  seen  how  the  handle,  which  is  con- 
nected with  the  vertical  feed  of  the  head,  is  finished  by  the  use  of  a 
concave  mill.  By  usinp  a  universal  dividinij;  head,  all  the  u.sna! 
work  doneon  the  horizontal  milling  machine  can  be  done.  Fi<£.  1'2 
shows  the  method  of  cutting  the  slots  in  the  blank  for  an  inserted- 
tooth  cutter  to  be  used  on  the  vertical  milling  machine. 

The  use  of  the  vertical  milling  machine  seems  to  be  growing 
more  and  more  in  favor  with  manufacturers  of  machinery  and  hard- 
ware sundries.  The  writer  has  in  mind  a  case  where  a  large  door- 
frame for  a  boiler  front  was  to  be  faced  off,  and  the  door  milled  to 
tit.  The  old  method  was  to  chip  and  file  until  the  fit  was  made, 
which  required  nearly  three  hours'  labor  for  one  man.  By  the  use 
of  the  vertical  milling  machine  the  time  was  reduced  to  about 
twenty  minutes.  This  is  only  one  of  many  thousands  of  cases 
where  the  supremacy  of  this  machine  is  so  apparent  that  the  manu- 
facturers have  been  obliged  either  to  introduce  it  as  a  inoiiey  saver 
in  their  factories  or  to  continue  to  be  classed  as  behind  the  times. 


fiLECTRIC  MOTORS  IN  MACHINfi-SHOP  SERVICED 

I  intend  to  consider  the  subject  ''electric  motors  in  machine- 
shop  service  "  from  the  standpoint  of  the  shop  engineer,  whose  one 
thought  is  economy  in  the  broadest  sense  of  the  word.  To  such  a 
man,  the  motor  is  but  a  single  detail  of  the  equipment-possibly 
one  of  the  most  important  details,  but  only  so  when  its  relation  to 
the  problem  as  a  whole,  is  understood.  The  development  of  alloy 
steels,  permitting  of  cutting  speeds  from  two  to  four  times  as  areat 
as  was  heretofore  possible,  requiring,  in  many  instances,  machines 
of  new  design;  the  introduction  of  the  grinding  machine,  which  is 
rapidly  replacing  the  lathe  for  much  iinishing  work;  the  milling 
machine;  the  electric  motor  as  a  means  of  driving;  and  types  of 
management  to  assure  efficient  use  of  equipment,  are  among  the 
most  important  factors  requiring  his  attention. 

The  manufacturers  of  electrical  apparatus  too  often  defeat  their 
own  ends  by  overenthusiasm,  or  rather,  by  extravagant  claims  that 
they  cannot  possibly  substantiate.  There  is  no  use  trying  to  con. 
vinee  the  shop  engineer  that  the  words  "  motive  drive"  are'^synony- 
mous  with  "  low  cost,"  for  he  knows  that  efficiency  attained  depends 
upon  the  co-operation  of  a  multitude  of  things,  and  primarily  the 
intelligence  with  which  the  equipment  is  handled.  If,  however, 
the  possibilities  of  the  motor  drive  are  properly  presented,  he  can 
appreciate  them  better  than  any  one  else,  for  they  till  a  definite 
need,  the  importance  of  which  he  will  understand. 

It  is  not  necessary  to  dwell  upon  substantial  progress  recently 
made  m  shop  practice,  which  has  resulted,  in  many  instances,  in 
greatly  increased  output  with  consequent  reduction  in  cost.  I  shall 
consider  rather  what  is  needed  to  increase  efficiency  in' the  average 
shop,  where  it  is  still  extremely  low,  ^or  even  when  adequate  funds 
are  provided  for  the  purchase  of  new  equipment,  the  end  in  view 
IS  often  defeated  through  lack  of  proper  insight  in  connection  with 
Its  purchases,  installation,  and  use. 

At  the  same  time  electiical  manufacturers  have  not  made  the 
progress  that  would  have  been   the  case   had   they  possessed  a 

190.  by  Ch-irfe?mv'nf  '''''T"'  "fr.''''  I°'«™^"°''^'  Electrical  Congress  of  St.  Louis, 
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thorough  nnderstanding  of  shop  requirements.  Our  experience 
has  been  confined  largely  to  the  installation  and  operation  of  elec- 
trical equipment  under  working  conditions,  therefore  I  shall  treat 
the  subject  from  this  side,  with  the  hope  that  I  may  bring  more 
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clearly  before  the  manufacturers  the  conditions  they  must  meet, 
and  at  the  same  time  aid  the  customer  in  specifying  his  require- 
ments and  securing  results. 

Generally  speaking,  the  electric  motor  (either  for  group  driving 
or  individual  operation  of  machines)  ia  conceded  as  the  proper 
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raeans  of  power  distribution.     My  paper  will  deal  wit),  the  subject 
under  the  following  headincrs: 

(1)  &iiop  Requirements. 

(2)  Notes  Coucerniug  Motor-Drive  Systems. 

(3)  Notes  Coueeruing  Diflereut  Makes  of  Apparatus 

(4)  General  Conclusions. 

(I)  SHOP  REQUIREHENTS.' 

JMy  paper  will  only  pern.it  of  a  general  outline  of  shop  con- 
siderations  bearing  on  the  subject;  these  are  illustrated  in  Fig  1 
Each  factor  must  be  carefully  considered  and,  when  treating  the 
subject  generally,  certain  assumptions  made.  For  example,  we  are 
justified  in  assuming  that  the  best  tool  steel  should  be  used  and 
design  accordingly,  while  crane  service  and  type  of  workmen  are 
on  the  other  hand,  matters  depending  on  class  of  work  handled 
and  local  conditions. 

An  intimate  knowledge  of  shop  practice  is  quite  as  necessary 
to  the  designer  of  electrical  apparatus  for  machine  dnvlmj  as  to 
the  builder  of  the  machine,  and,  while  frequently  difficult  to  show 
the  direct  bearing  of  the  various   features  of  management  and 
methods  upon  a  single  factor,  such  as  the  one  under  consideration 
the  most  useful  conclusions  can  be  drawn  only  by  those  familiar 
with  the  subject  in  detail.     Improved  systems  of  management  are 
doing  much  to  assure  proper  use  of  equipment,  but  in  any  event 
the  need  of  explanation  in  connection  with  its  operation  should  be 
eliminated  to  as  great  a  degree  as  is  possible.     In  other  words  ap 
paratus  should  primarily  be  designed  to  give  satisfactory  results  in 
the  hands  of  average  workers.     Where  its  adjustment  and  manip. 
ulation  is  dependent  upon  the  operator,  he  must  be  fully  considered 
1.    The  words  "machine"  and  "  tool,"  as  used  in  connection  with 
machme-shop  work,  are  very  frequently  ambiguous.     I  will  use  them   n 
the  following  sense:    .T/ac/./«e.-Definition  (Standard  Dictionary).     Any 
combmation  of  mao.mate  mechanism  for  nUUzing  or  applying  power     I 
construction    for   mechanical    production   or   modificat/on       Example- 
Lathes,  pneumatic  drills,  power  shears,  etc.     Machine  Too/.-This  term  is 

dtr^t?   ;    D'ct'o-^ary).    A  hand  instrument.    Not  a  mechanism.     Used 
directly  for  production.    Examples.-Chisel,  hammer,  saw,  etc. 
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in  the  design,  bnt  when  attention  is  required  for  inspection  at  inter- 
vals only,  the  personal  equation  does  not  enter  into  the  problem  to  as 
great  an  extent.     Lathe  and  elevator  drives  illustrate  the  two  cases. 

Tf  cuts  are  of  long  duration,  the  cutting  speed  can  readily  bo 
determined  by  experiment,  but  this  is  not  practical  in  the  run  of 
machine-shop  work.  The  determination  of  cutting  speed  for  mis- 
cellaneous work  is  a  difKcult  matter,  and  must  be  given  special 
study  in  each  case,  every  means  toward  uniformity  of  product  be- 
ing resorted  to. 

The  drive  is  lint  a  detail  of  the  machine.  AV^e  should  aim  at 
a  harmonious  wiiole,  not  combining  an  etKcient  drive  with  an  out- 
of-date  tool.  The  motor-driven  tool  of  the  future  should  not  he 
considered  a  combination,  bnt  a  unit  suited  to  certain  specific  ends 
The  motor-drive   problem  is  essentially  a  matter  for  the  machine 

(1)   MANUrACTUHIMS       -^  ^WINS  MACHINtS. 
/        tSTABLlSHMOrrS  \  """  "'<"•'-»• 
/  ^CASM  REOISTERS. 

.    ,  /    _(£)   MtAVY  HWnINC  /STEAM  ENGINES. 

W  BiwMo  aAssncAT-ioN       (^  „^  /heavy  «ACHINE«Y. 

(RtU«r,VE  TO  »,ND  or  «0«K.)\  (j^^  ^   ^.^^H  U„Z)\j^  6UNS. 

fJeneral  Machine  Shop  Classification. 
Fig.  2. 

builder  to  settle,  and  when  a  machine  is  purchased,  the  customer 
should  have  the  assurance  that  the  drive  has  heeii  given  the  same 
care  in  design  and  construction  as  any  other  part  of  the  machine, 
and  need  not  he  considered  as  a  distinct  issue. 

Machine  shops  may  be  broadly  classified  according  to  char- 
acter of  output  as  follows: 

Shops  of  the  first  class  can  be  laid  out  in  every  detail  with 
regard  to  a  definite  need.  Machines  are  purchased  to  do  just  one 
job,  and  frequently  it  pays  to  design  special  machinery  for  such 
duty.  After  it  is  properly  adjusted  for  the  character  of  materia! 
to  be  worked  and  for  the  cutters,  no  changes  are  required  until 
better  methods  or  facilities  are  developed.  Here,  as  far  as  the 
drive  is  concerned,  we  find  the  simplest  conditions.  Usually  con- 
stant speed  with  adequate  power  suits  the  case. 

In  shops  classified  under  the  second  heading,  little  opportu- 
nity for  duplication,  in  the  sense  just  considered,  exists.    Machines 


(S)    OENCAAL  HACMINE.^  NEPAm    SHOPS. 
WOIW  ^^ JOBBING   SHOPS. 


ELECTRICALLY-DRIVEN     PLAIN     MILLING    MACHINE 

Showing  Field  Rheostat. 
The  Cincinnati  Milling  Machine  Ca 
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must  handle  a  variety  of  work,  and  even  those  purchased  for 
spechc  operations  are  usually  suited  for  other  purposes  so  they 
may  be  kept  busy  the  greater  part  of  the  time.  Variation  in  size 
of  work,  material  and  cutters,  demands  an  adjustable  speed  drive 

(3)    HEAVY  MOMENTARY  LOADS  -  PUNCH 

Character  of  Load  for  Constant  Speed  D.ive. 
Fig.  3. 

together  with  change  feeds,  if  most  economical  results  are  desired 
Ih.s  IS  true  to  a  still  greater  degree  for  machines  in  the  third  class 
The  drive  requirements   from  a  consideration   of  work  to  be 
p-'iforined  can  be  further  analyzed  as  shown  below: 

>(l)    CONSTAKT   M.P.    -  PMCHINES  WORKING 
y  UNDER  SPECIAL  CONDITIONS. 

rx)  THBniirw    ^..rA-^'^'  ""''•     "•^''"SEWITH    INCREASE  OF   R.P.M. 

,^X)  THROUGH   SCALER  POSITIVE  PRESSURE  BLOWER,    LARGE  LATHES 

X                                                 \  AND  BORING  MILLS. 

(A)    FIXED  SPEED     /                                                                 ^(3)  h.  P.     DECREASES  WITH    INCREASE   OF   R.P.M. 

CAfWBLE  OF      <^^  CERTAIN  DRILL  PRESSES  AND  LATMES. 


ADJUSTMENT. 


<0)    STEADY  -    POSITIVE    PRESSURE  BLOWERS. 
(2)    FLUCTUATING  -    ENGINE   LATHES. 
(3)    HEAVY  MOMENTABY  LOAD  -    PLANEX. 

Character  of  Load  for  Adjustable  Speed  Drive. 
Fig.  4. 

Figs.  3  and  4  relate  to  character  of  load.  figs.  5  and  6  are 
a  further  analysis  of  adjustable  speed  drive,  for  machines  using 
cutters,  giving  details  that  should  determine  ranffe  and  number  of 
speeds. 

Adjustable  speed^>  may  be  desirable  on  grinding  machines  also, 
and  in  this  case  will  depend  on  ratio  of  maximum  to  micimum 
wheel  diameters  and  other  matters  that  must  be  considered  sepa- 
rately in  individual  cases. 

in„  J\  '^^^^'""^^^  "  ^-ariable  speed  "  are  now  generally  used  for  describ- 
ing motors  adapted  for  individual  operation  of  macliines,  but  to  distin- 
gu..h  from  the  crane  motor,  for  example,  which  is  truly  the  variable-speed 
r^n!'!!  f  l"'^  ^""^''  "  ^''J^^^able  speed  "  as  describing  a  tixed  speed 
rnnnln  f  "'""f"*  "'  "•■  ^  ^''^'^  '^"^"-  Variable-speed  motors  are  used 
principally  for  railway  and  crane  service  where  the  load  is  intermittent 
and  torque  variable.  Direct-current  apparatus  has  been  developed  to  give 
such  thoroughly  satisfactory  results  for  this  duty  that  I  shall  not  consider 
U  other  than  m  its  relation  to  the  general  machine-shop  problem. 
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Machines  for  punching  and  shearing,  while  usually  arranged 
for  constant  speed,  frequently  require  an  adjustable-speed  drive. 
For  example,  assume  a  punch  operating  at  28  strokes  per  minute. 
The  operator  may  have  work  of  such  a  character  that  he  can  easily 
punch  a  hole  each  stroke,  while  in  another  case,  due  to  heavier 
sheets  or  greater  accuracy  required,  he  is  compelled  to  skip  every 
other  stroke,  punching  but  14  holes  a  minute,  while  if  tlic  muchine 


,(2)     IF    CUTTERS  ROTATE  -    RATIO    OF  MAXIMUM 
TO  MINIMUM  DIAMETERS  Of  CUTTERS. 


*(«)    KINO  Of  OPERATIOMS  -  WHETKER  Cl/TTINO, 
FIUNS   OR  POLISHING. 

Factors  Th;it  Infliitnce  Range  of  Speed. 
Fig.  ,-5. 

would  {lermit  he  jould  readily  do  28.  Such  a  saving  on  this  class 
of  machinery  usually  yields  a  large  actual  return  as  the  time 
required  for  setting  up  or  making  ready  is,  as  a  rule,  small. 

The  amount  of  horse-power  recjuired  for  uiacliines  of  different 
types  depends  on  the  factors  given  in  Fig.  7. 

I  have  given  the  principal  items  to  consider  wlien  de.^igniiig 
or  selecting  machine  drives,  but  to  more  fully  explain  the  line  of 

/(I)    UNIFORMITY  or  MATERIAL  WORKED. 

X*(2)    UNIFORMITY  OF  CIHTERS. 

(N)   NUMBER   Of  ^—(3)    NUMBER  OF   FEEDS  PROVIDED. 

^(4)    FACILITIES    ENABLING  WORKMAN 
^  TO  DETERMINE  PROPER 'sPEED. 

Factors  That  Influence  Number  of  Speeds. 
Fig.  C. 

reasoning  that  should  be  followed,  I  shall  assume  definite  condi- 
tions, and  consider  the  equipment  needed  to  fulfill  them. 

EXAMPLE. 

LATHE for  general  work  in  shop  of  A. 

B. .     Company,  manufacturer  of  air  compressors. 

General  features  of  this  plant  and  its  organization  that  influ- 
ence type  of  drive  (see  Fig.  1 1. 

E.B . — 1.  The  machine  under  consideration  is  to  run  in  an  old  plant, 
hence  no  saving  in  cost  of  buildings  could  be  efTected  by  type  of  drive. 
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MOTOR-DRIVEN    SHEAR. 
Morse  Chain  Company. 
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E.  B.-3.  The  natural  light  at  point  where  lathe  is  to  be  located  is 
veo'  poor,  an.l  it  is  important  not  to  obstruct  it  any  more  than  absolutely 
necessary.  •' 

E.  B.-o,  Artificial  light  has  in  the  past  been  supplied  by  independ- 
ent company,  hut  they  desire  to  install  a  povver  plant  that  will  "take  care  of 
this  feature  as  well  as  power.  It  is  desirable  to  depend  largely  upon  gen- 
eral illummation  by  arc  lamps  with  incandescent  lights  for  detail  work. 

E.  S.-l-L^  ami  E.  T.^1.  For  roughing  work  the  best  alloy  steels 
forged,  treated,  and  maintained  by  special  department,  assuring  uniform- 
ity and  high  effleiency,  will  be  used. 

E.L.~1,2,3,4.  Character  of  work  necessitates  constant  use  of 
power  crane,  making  overhead  belting  and  fixtures  objectionable  and  dif- 
hcult  to  provide  for  on  account  of  location  in  main  hay  of  shop.  As  cost 
of  power  in  this  plant  amounts  to  less  than  3  per  cent  of  total  cost  of  prod- 
uct. It  IS  not  a  determining  factor  in  character  of  drive. 


^(  i)  cmaracter  of  worked  material. 

^(2)  cutting  speed. 

-(3)  depth  and  feed  of  cut. 

Ma)  Shape  of  cutter. 

*(5)  friction  load. 

^(l)  character  of  worked  material. 

*.(2)    CMARACTER  OF  GRINDING  KflTEfllAL. 
•-(3)    CONDITIONS  AT  GRINDING    CONTACT. 
•^(4)    FEED  AND  CUTTING    SPEED. 
^(5)"  FRICTION   LOAD. 

^(l)   CHARACTER  OF  WORKED  MATERIAL. 
•■(2)    RATE  OF   PARTING  MATERIAL. 
-(3)   TOTAL  AREA  PARTED. 
"•(4)    FRICTION    LOAD. 

MACHINES  OF   THIS   CLASS  DO  WORK   OF   SUCH 
A    DIVERSIFIED    CHARACTER,     DEPENDING   ON 
(I)      SUCH  VARIABLE  FACTORS,  'THAT    IT    IS 

PRACTICALLY   IMPOSSIBLE  TO  TREAT   THEM 
OTHER  THAN    INDIVIDUALLY. 


(M)  FACTORS  GOVERNING 
HORSE- POWER 
«E«.'IREO  BY 


(g)  grinding 
machines    ^ 


(P)    PUNCHING 

AND  SHEARING* 

MACHINES 


(0)    MACHINES   FOR 

CHANGING    SHAPE 

OF  MATERIAL. 


Factors  Governing  Horse-Power  Required  for  Different  Types  of  .Machines. 
Fig.  7. 

E.  M.~3.  The  type  of  management  being  introduced  at  this  plant 
should  ultimately  assure  intelligent  direction  of  work  and  proper  use  of 
eijuipmeut. 

Referring  to  Fio-.  2: 

We  find  that  this  shop  will  come  under  the  class  indicated  by  the 
symbol  TT'-i^. 

Referring  to  Fio-.  4: 

(A)~X—1~F~S.  Majority  of  work  (probably  80  percent)  will  be 
steel  and  gray-iron  eastings  between  18  ins.  and  48  ins.  diameter.  Ma.xi- 
mum  conditions  call  for  removal  of  same  amount  of  metal  between  these 
hmits,  and  approximately  constant  cutting  speed.  Maximum  horse- 
power requirements  are  consequently  constant  through  the  range,  but 
subject  to  fluctuations  at  any  one  point  below  the  said  maximum. 
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Referring  to  Fig.  5: 

R — 1.  At  times  it  will  be  iiecessary  to  machine  work  as  small  as  10 
ins.  diameter,  or  as  larf;e  as  60  ins.  diameter;  conse<iiieutly  a  ranj!;e  in 
speed  of  5 :  1  would  he  required  for  this  purpose. 

R — 2.    (.'utters  will  always  be  stationary. 

R — 3.  The  ratio  of  hardest  to  softest  material  required  by  specifica- 
tion will  be  approximately  2:  1.  This  will  increase  the  necessary  speed 
range  to  10  : 1 . 

R — 4.  The  majority  of  work  will  be  roughinft  and  (iuisliiiig  with 
cutters.  Some  (ilinp  and  liiiishing  with  enierj'  cloth  will,  however,  be 
necessary,  and  for  this  purpose  experience  would  dictate  a  cutting  speed 
of  l.")0  ft.  per  minute  on  10  ins.  diameter  It  will  be  necessary  to  provide 
a  cutting  speed  of  l.i  ft.  per  minute  on  the  largest  diameter  on  account  of 
the  frail  character  and  dilViculty  of  driving  .some  of  the  castings  to  be  ma- 
chined. Total  range  of  speed  is  determined  by  limiting  conditions  of  a 
cutting  speed  of  hi  ft.  per  minute  on  (>()-in.  work  and  150  ft.  i)er  minute  ou 
lO-in.  work.  I  have  purposely  chosen  these  extreme  conditions  to  better 
illustrate  my  point.  In  j)ractlce  a  60-in.  lathe  is  seldoiu  required  to  run 
at  iil  r.]i.m. 

150  _ 

57.3    r.p.m. 


.95  r.]).m. 

consequently,  for  all  practical  purposes,  the  face  plate  of  the  lathe 
should  run  from  one  revolution  per  minute  to  57  revolutions  per  minute. 

Ilef erring  to  Fig.  0: 

N—1.  It  was  stated  above  that  the  character  of  material  would  vary 
m  the  proportion  of  2  :  1,  this  being  a  reijuirement  of  tlie  products  manu- 
factured. I'niformity  of  material,  or  how  nearly  the  requirements  can  he 
attained  under  shop  conditions,  is  one  of  the  factors  influencing  the  num- 
ber of  face-plate  speeds. 

A  fully-equipped  laboratory,  under  the  direction  of  an  able  chemist, 
who  has  entire  charge  of  the  cupolas  and  Bessemer  steel  converters,  as- 
sures a  much  more  uniform  product  in  the  plant  in  question  than  is 
usually  the  case.  A  great  deal  of  experiment  and  investigation  will  be 
necessary  however,  before  we  can  make  definite  assertions  in  this  direc- 
tion, but  castings  from  the  same  pattern  should  not  vary  more  than  20 
per  cent. 

N — 3.  Cutter  of  the  character  indicated  above  (E.S.— 1)  should  not 
vary  in  efficiency  more  than  10  per  cent. 

X — 3.  The  full  consideration  of  this  point  involves  an  understand- 
ing of  the  laws  governing  speed,  feed,  and  cut  for  various  materials.  It 
will  not  be  practical  to  include  here  full  data  on  this  detail.    Hundreds  of 
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ton.  of  .steel  and  east  iron  have  been  cut  „p  to  detenuine  these  relations 
ana  eons  a,„  expernnent  is  neeessa^"  to  keep  uLreast  of  rapid  inn  oS 
...ems.  r  wdl  only  .ay  that  it  is  ,,uite  as  neeessary  to  provide  an  ace 
,uaten„nU.eroffee.isasitisspin.lle-speeds,  and  in  fact  a  limtted  u^ni 
her  of  either  one  of  the.se  factors  will  give  eflieient  results  provided  a  veS^ 
close  regulation  can  he  had  on  the  other.  "viueu  a  %ery 

In  the  present  instance  it  was  not  considered  advisable  to  specifv 
changes  to  the  stan.iard  feeding  mechanism,  as  this  feature  had  been  weU 
taken  care  of  by  the  builder. 

,,  ,  ^^~'f-  '""^  ^^^  operation  of  the  machine  is  ultimately  governed  bv 
he  ra-f.  ";es  at  the  disposal  of  the  machinist  who  runs  it/it  ts  aZlutS 
essential  that  this  point  be  given  most  careful  study.  It  involves  prac^ 
tica  ly  eveo^  feature  of  shop  system  and  management,  and  it  is  only  under 
such  systems  as  that  developed  by  Mr.  Fred  W.  Taylor,  of  whicii  func- 
tional toremanship  is  but  a  single  detail,  that  the  condlt  ons,  as  outlined 
above  can  be  fulfil  ed.  It  necessitates  that  the  operator  of  the  macWne 
be  informed  as  to  the  character  of  the  material,  efficiency  of  the  cuUer 
proper  cutting  speed  in  consideration  of  duration  of  cut,  and  man/o  S 
equally  important  factors.  •* 

So  it  will  be  seen  that  we  cannot  arrive  at  any  data  which  would 
enable  us  to  specify  definitely  the  n umber  of  spindle-speeds  required    Our 

Z^ZJ7"'u"""''''^' ''''"'""'  l'"-«l-l>y  on  experience  in  shop 
practice,  and  for  this  reason  engineers  differ  widely  in  their  views.  For 
the  example  under  consideration,  speeds  increasing  in  increments  of  15 
per  cent  are,  in  our  estimation,  quite  as  close  as  can  beused  to  advantage 

riz::L^ZT::  '°"^°"  ^'^  -^'^  ''"'•  ^'°^"^''*'^-"  ^-  --^  «p-^« 

Referring  to  Fig.  7: 

in<r.  J!n  filn  Vf '  ^'  ^'  .^^^^^"^""^  permissible  cutting  speed  on  steel  cast- 
ngs  will  be  60  ft.  per  mmute;  on  gray-iron  castings  60  ft.  per  minute  (de- 
termined by  actual  requirements  on  a  large  variety  of  work) .  Maximum 
cut  cast-steel,  %  in.  deep,  ,V  in.  feed;  gray-iron,  %  in.  deep,  ^Vln.  feed. 
(Ihese  conditions  are  established  by  character  of  work  ) 
fp  1  '^^^^^^P""»e"t«  conducted  to  determine  the  laws  governing  speed, 
feed,  and  depth  of  cut,  for  various  materials  referred  to  above  (A^  have 
oeen  made  ax-^ilable  for  purposes  of  design  by  means  of  slide  rules/based 
on  the  denved  empirical  formuhe. 

For  the  depth  of  cut  and  feed  under  consideration  (cast-steel)  the 
caJculated  pressure  on  the  tool  would  be:  5,550,  or  horse-power  required^ 

-gPOQ-  =  10.1   hp. 

..^  ^^'  ^T^'  ^^^  ^"''"°"  ^"""^  ''^'^  "°'-^  ''«  »"i^ed  at  through  experience 
and  depends  not  only  on  the  machine,  but  character  and  method  of  driv- 
ing work.  Experimental  data  on  machines  quite  similar  to  the  one  under 
consideration  would  indicate  3  horse-power  through  the  entire  range  as 
sufficient  to  allow  for  this  purpose. 

These  conditions  are  plotted  in  Fig.  8.    It  will  be  noticed  that  the 
horse-pc^ver  falls  otT  on  either  side  of  the  working  part  of  the  scale. 
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While  it  is  easy  to  theorize  as  to  the  horse-power  required  for  work  of 
various  diameters,  in  actual  practice  the  conditions  are  aliout  as  I  have 
shown.  It  must  be  borne  in  mind  that  the  macliiue  under  consideration 
should  be  primarily  adapted  for  tlie  majority  of  work  that  it  will  handle. 
We  have  assumed  that  SO  i)er  cent  of  this  will  be  between  18  ins.  and  48 
ins.  in  diameter,  so  that  work  outside  of  these  limits  is  the  exception. 
On  small  work,  such  as  would  be  liaudled,  there  is  not  likely  to  be  oppor- 
tunity for  as  heavy  roufrhing  cuts,  and  castings  over  48  ins.  in  diameter 
cannot  be  swung  over  the  carriage,  nor  would  .it  l)e  good  policy  to  aim  at 
high  etticiency  at  this  point  for  the  additional  cost  woidd  not  be  justilied 
by  the  saving  eflected  on  such  a  small  fraction  of  tlie  tot.il  outi)Ut. 

As  the  horse-power  between  the  working  limits  shown  above  was  fig- 
ured forthe  maximum  cutting  speed  of  60  ft.  per  minute,  we  can  plota  rela- 
tion between  revolutions  per  minute  and  horse-power.  (See  Fig.  9.)  The 
selection  of  electrical  e<iuipment  for  this  lathe  will  be  taken  up  further  ou. 
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tVorh     O/am.   (Inches) 
Fig.  8. 

Tlie  analysis  of  conditions  presented  above  is,  as  was  stated, 
essentially  a  problem  for  the  machine  builder  to  work  out — in 
other  words,  the  electrical  companies  should  look  to  him  for  gen- 
eral specifications  covering  motors  and  controllers. 

When  equipping  machines  of  old  design  with  motor  drive,  or 
remodeling  them  to  better  their  efhciency,  each  one  should  be  con- 
sidered separately  with  regard  to  the  special  line  of  work  it 
handles.  As  manufacturing  becomes  more  specialized  it  will  l)e 
possible  for  the  builder  of  machines  to  design  with  more  intelli- 
gence, for  he  can  then  treat  a  type  as  we  have  treated  an  individual. 

To  avoid  repetition,  I  will  assume  the  following  conclusions 
have  been  established. 

(1)  Machines  of  present  design  of  comparatively  small  work, 
requiring  constant-speed  drive  shoitld,  in  most  instances,  be  grouped 
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and  operated  from  motor-driven  line  shafts.  Specifications  for 
new  machines  for  such  duty  should  be  made  with  a  view  to  special 
requirements.  Indirect  savings  in  one  plant  may  much  more  than 
offset  additional  cost  of  constant-speed  motor  on  each  machine, 
while  this  would  not  be  true  in  another. 

(2)  For  group  driving,  both  direct-  and  alternating-current 
motors  give  thoroughly  satisfactory  results.  In  either  instance,  if 
properly  installed,  i-epairs  should  not  be  an  important  feature.     In 
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f^ev.  per  Mi'n.  gi'  face  Plats. 
Fig.  9. 

certain  industries— the  textile  mills  for  example— the  induction 
motor  has  decided  advantages  on  account  of  close-speed  reo-ulation 
with  varying  loads  and  lessened  fire  risk,  but  for  machine  shops 
these  features  are  unimportant. 

(3)  Mechanical  means  of  speed  control,  including  step  cone 
pulley  and  variable-speed  countershafts,  while  suited  for  certain 
specific  cases,  do  not  meet  the  general  requirements  of  machine 
drive.  An  attempt  to  obtain  the  necessary  speeds  by  gearing,  for 
example,  is  not  only  costly  (if  a  suflicient  number  of  changes  are 
provided),  but  inefiicient,  in  that  as  a  rule,  the  machinery  must  be 
stopped  to  change  from  one  speed  to  another,  and  cannot  be  con- 
trolled from  an  independent  point. 

(4)  For  adjustable  speed  work,  direct-current  motors  only 
give  satisfactory  results  at  the  present  time.  It  is  not  practical 
by  this  means  to  use  a  range  greater  than  6  to  1,  while  in  the 
majority  of  cases  3  to  1  gives  the  most  economical  results.  In 
Other  words,  in  most  instances,  it  is  necessary  to  resort  to  a  com- 
bination of  mechanical  and  electrical  control,  the  disadvantages  of 
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each  being  largely  eliminated  by  this  means.  For  example,  even 
where  machines  are  handling  a  very  general  line  of  work,  the 
greater  part  of  it  will  be  covered  by  a  range  of  8  to  1,  so  that  if 
this  amount  is  obtained  electrically,  gear  changes  will  be  seldom 
necessary,  and  at  the  same  time  a  comparatively  inexpensive  motor 
required.  Consequently  the  lathe  requirements  specified  above 
are  of  quite  as  much  value  to  the  man  who  designs  the  mechanical 
features  of  the  machine  as  the  one  who  furnishes  the  electrical 
apparatus. 


If  j« 
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fSpeed  Notches 
Fig.  10. 

(5)  Long  transmission  lines  may  make  alternating-current 
desirable,  and,  for  certain  extended  plants,  the  best  results  can  be 
obtained  by  its  use,  together  with  motor-generator  for  direct-current 
variable- speed  motors.  If,  however,  but  one  kind  of  current  will 
be  available,  decision  should  be  largely  governed  by  number  of 
individual  drives  required.  In  many  instances,  while  group 
drives  may  be  desirable  at  the  start,  new  equipment  should  be 
purchased  with  individual  motors  for  the  sake  of  adjustable  speed 
and  ease  of  control. 

Keturning  to  the  60-in.  lathe  considered  above,  the  total  speed 
range  of  57  to  1  can  be  covered  by  the  usual  triple  gear  arrange- 
ment, with  the  resulting  ratios  shown  on  the  chart.  The  range  in 
motor  speed,  of  3.5  to  1,  is  quite  practical  and  can  be  taken  care 
of  by  any  one  of  the  systems  referred  to  above. 
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I  shall  not  dwell  upon  the  strictly  mechanical  details  of  the 
drive,  rather  assuming  that  this  part  of  the  work  is  properly  taken 
ca  e  of,  but  pass  on  to  a  consideration  of  the  motor-drive  systems. 

(2)   NOTES  ON  MOTOR=DRIVE  SYSTEMS. 

Systems  now  on  the  market  for  obtaining  adjustable  speed  by 
means  of  motor  drive,  and  advocated  by  prominent  manufacturers, 
are  given  below: 

(1)  Field  weakening  only 

(2)  Double  commutator  motor  combined  with  field  weakening. 

(3)  Edison  three-wire  system  combined  with  field  weakening. 
(i)   rnbalanced  three-wire  system  combined  with  field  weak- 
ening. 

(5)  Four-wire  multiple-voltage  system  combined  with  field 
weakening. 

There  are  two  classes  of  purchasers,  with  widely  differing 
requirements,  and  to  whom  different  systems  appeal: 

(1)  The  customer  who  buys  motors  for  his  own  use  to  equip 
machines  already  in  operation,  or  special  machinery  which  must 
be  given  individual  consideration. 

(2)  The  customer  who  buys  for  an  unknown  third  party.  The 
builder  of  machines,  for  example,  who  manufactures  his  product 
without  any  knowledge  as  to  whom  the  purchaser  may  be,  and  con- 
sequently must  design  equipments  that  will  meet  conditions  exist- 
ing in  plants  where  his  product  is  solicited. 

The  electrical  manufacturers  have  been  slow  in. realizing  this 
almost  self-evident  classification.  The  very  essence  of  modern 
manufacturing  consists  in  specialization,  as  it  is  only  in  this  way 
that  cost  can  be  reduced  to  a  minimum.  Such  establishments 
must  be  classified  under  the  second  division  referred  to  above,  and 
the  product  considered  as  a  ty2)e,  while  in  the  first  class  given 
machines  or  given  establishments  can  be  treated  separately. 

Conditions  in  the  past  have  in  either  case  demanded  a  separate 
consideration  of  drive  for  practically  every  customer,  on  account 
of  special  character  and  numerous  types  of  motor-drive  equipment, 
but  substantial  progress,  as  far  as  the  machine  builders  are  con- 
cerned, will  not  be  made  until  their  product  is  ma.iufactured  com- 
plete in  every  essential.     This  means  the  adoption  of  a  motor  that 
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can  be  operated  on  110  or  220  volts,  direct  current,  as  one  of  these 
"is  not  only  found  in  nearly  every  large  estahlishnient,  where  it  is 
used  for  cranes  and  lighting,  but  in  many  of  the  small  shops. 

The  three-  and  four-wire  systems,  on  the  other  hand,  have  l)een 
installed  by  a  very  small  percentage  of  tlie  shops  who  are,  from 
time  to  tiuie,  purchasing  new  equipments,  hence  for  commercial 
reasons  such  apparatus  does  not  apjieal  to  machine  builders.  It 
may,  however,  possess  distinct  advantages  to  purchasers  of  the 
first  class  who  contemplate  the  motor  equipment  of  an  entire  shop, 
either  at  once  or  as  conditions  demand.  As  they  can  exercise  the 
greatest  freedom  in  selection  of  C(]uipment  for  motor  drive,  I 
shall  consider  the  systems  enumerated  above  from  their  stand- 
point. It  will  then  be  a  comparatively  simple  matter  to  nppiy 
these  conclusions  to  the  more  special  conditions  which  must  be 
met  by  the  machine  builders. 

All  customers,  unless  they  employ  consulting  enginiH-rs,  are 
called  upon  to  di^cide  ti.emselves  upon  the  system  to  adoj)t,  and, 
as  their  experience  does  not,  as  a  rule,  cover  the  details  of  elec- 
trical engineering,  they  must  depend  largely  on  the  statements  put 
forward  by  electrical  companies. 

There  is  no  doubt  that  the  manufacturers  in  many  instances 
have  taken  advantage  of  the  special  character  of  macliine  work  to 
i"ate  their  motors  in  a  way  that  is  very  deceptive.  The  words 
"full  load"  are  almost  universally  abused, -and  as  there  is  no 
standard  specification  adhered  to,  the  only  safe  basis  for  compari- 
son is  through  a  knowledge  of  the  weight  and  maximum  speed 
for  a  given  horse-power  through  a  given  range,  with  the  under- 
standing that  a  specified  overload  must  be  carried  at  any  .point  for 
a  certain  time.  Such  an  analysis  would,  according  to  the  views  of 
the  various  builders,  give  at  least  an  intelligent  idea  of  the  equip- 
ment required  to  fill  a  definite  need,  but  in  a  number  of  instances 
our  experience  has  indicated  that  claims  made  by  leading  manu- 
facturers have  noc  been  fulfilled  in  actual  test.  Machine-tool  duty 
unquestionably  permits  of  a  different  basis  of  rating  from  constant 
horse-power  work  in  much  the  same  way  that  street  railway  motors 
are  rated  on  a  basis  of  their  own,  but  when  one  manufacturer 
adheres  strictly  to  a  rating  of  present  standard,  and  another  departs 
from  it  without  the  knowledge  of  the  customer,  the  latter  is  likely 
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to  be  comparing  bids  on  two  radically  different  equipments.  This 
we  have  reju-atedly  found  to  be  tlie  case.  We  feel  that  this  matter 
should  be  given  careful  consideration  by  such  a  body  as  the  Ameri- 
can  Institute  of  Electrical  Engineers  and  a  definite  understandiiicr 
arrived  at. 

I  shall  assume  general  familiarity  with  the  systems  under  con- 
sideration. In  general,  a  motor  for  a  given  maximum  speed  and 
a  given  range,  to  deliver  a  given  horse-power  through  this  range, 
will  be  at  least  as  large  when  operated  by  field  weakening  only,  as 
when  a  combination  of  either  two  or  more  voltages  with  field 
weakening  is  adopted.  Unless  the  motor  is  specially  desio-ned  for 
field  weakening,  it  will  be  larger  than  in  the  latter  case.  We  have 
been  unable  to  obtain  any  satisfactory  data  from  the  engineering 
departments  of  electrical  manufacturers  concerninor  variation  of 
horse-power  with  field  strength,  so  prefer  to  base  our  conclusions 
upon  tests  which  we  have  conducted  in  connection  with  work  for 
various  clients. 

As  the  cost  of  variable-speed  motors  and  auxiliary  power 
transmission  equipment,  such  as  chain  or  gears,  is  in  proportion 
to  the  speed  at  which  it  operates,  we  should  see  that  the  latter  is 
as  high  as  is  consistent  with  the  various  engineering  considera- 
tions. A  number  of  the  manufacturers  of  motors  do  not  give 
suflicient  thought  to  the  adaptation  of  motor  speeds  to  available 
means  of  transmitting  power  to  the  machine.  There  are  three 
methods  in  common  use,  namely:  leather  belts,  gears  (includincr 
worm  and  spiral  gearing)  and  chain.  While  the  great  flexibility 
of  the  belt,  in  relieving  the  machine  of  sudden  jar,  has  distinct 
advantages  in  certain  instances,  gears  and  chain  are  used  in  the 
majority  of  cases  for  individual  drive. 

(I)  FIELD  WEAKENINQ  (WITH  A  SINGLE  VOLTAGE). 

A  number  of  manufacturers  have  recently  placed  on  the 
market  motors  designed  to  run  on  a  single  voltage,  but  that  may  be 
varied  in  speed  by  means  of  field  weakening  over  a  range,  in  some 
cases,  as  high  as  6  to  1.  Until  recently,  ranges  as  great  as  the 
above  have  not  been  considered  practicable  and  our  tests  of  motors 
of  various  makes  have  indicated  that  in  this  respect  much  can  be 
accomplished  through  careful  motor  design.     Manufacturers  that 
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adhere  to  the  simple  shunt  type  do  not  advocate,  except  for  special 
work,  a  range  exceeding  i  to  1,  while  others  who  have  adopted 
either  additional  poles  or  special  windings  claim  to  have  elimi- 
nated the  ditKculties  usually  encountered,  and  are  prepared  to  fur- 
nish motors  giving  any  variation  desired.  These  types,  however, 
have  not  been  in  operation  a  sutHcient  length  of  time  to  enable  us 
to  confirm  their  statements. 

We  have  found  that  customers  are  frequently  misled  concern- 
ing the  size  of  frame  required  for  a  given  duty  for  motors  o|wrat- 
incr  on  this  system.  As  the  horse-power  that  can  be  developed 
with  a  given  frame  is  in  proportion  to  the  speed  of  the  armature, 
it  is  necessary  to  use,  for  a  range  of  4  to  1,  a  motor  frame  rated  at 
least  four  titues  as  large  as  the  power  required  if  practical  speeds 
are  not  to  be  exceeded.  Even  such  a  frame  will  not,  in  most  cases, 
make  it  possible  to  rate  the  motor  as  liberally  as  is  the  case  with 
standard  constant-speed  apparatus,  as  the  exceptionally  strong  field 
re.'iuired  is  likely  to  cause  heating  at  the  slow  speed,  and  at  the 
hicrh  speed  the  weakened  field  will  cause  poor  commutation. 

We  have  not  yet  experimented  with  a  motor  of  this  type  that 
would  operate  continuously  under  the  full-load  current  at  its  high- 
est speed  without  giving  some  trouble  at  the  commutator.  It  is 
tnie,  as  was  stated  above,  that  such  conditions  would  rarely  be  met 
in  the  machine  shop,  but  to  purchase  with  intelligence  it  is  neces- 
sary to  know  how  much  manufacturers  depend  on  this  fact.  Mo- 
tors with  a  range  of  3  to  1  have  already  been  successfully  applied 
to  machines  requiring  a  comparatively  small  amount  of  power,  al- 
thoucrh,  as  will  be  pointed  out  later,  the  apparatus  has  not  been 
perfected  as  fully  as  is  the  case  with  other  systems. 

If  the  lathe  considered  above  be  equipped  with  apparatus  op- 
erating on  this  system,  the  relation  between  motor  horse-power 
and  that  required  by  the  machine,  shown  in  Fig.  11,  should  ful- 
fill the  conditions  satisfactorily,  as  the  upper  curve  is  drawn 
throuo-h  maximum  values,  and  when  they  are  reached  the  overload 
on  the  motor  would  only  be  30  per  cent. 

Referring  to  the  dimensions  and  ratings  furnished  by  one  of 
the  manufacturers,  whose  apparatus  has  shown  up  very  favorably 
under  test,  we  find  that  a  motor  weighing  1,015  lbs.  will  deliver 
10  horsepower  between  a  range  of  350  r.p.ra.and  1,050  r.p.m.,  or 
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one  weighing  2,300  lbs.  will  deliver  10  horse-power  between  225 
r.p.ni.  and  IKKI  r.p.ni.  We  recommend  the  use  of  the  last  frame, 
as  satisfactory  commutation  should  be  assured  by  the  smaller 
speed  range,  namely,  225  r.p.m.  to  787  r.p.m. 

(2}    DOUBLE  COMMUTATOR  MOTOR  .COMBI^ED  WITH  FIELD  WEAKENING). 

The  additional  cost  of  the  double  commutator  motor,  together 
with  the  maintenance  of  two  commutators  instead  of  on'e.  are 
objections  to  this  system  that,  in  our  estimation,  offset  its  advan- 
tages for  other  than  special  castas. 


ffetf./oer  Min.  of  face  P/ate 
Fig.  11. 

(3)    EDISON  THREE- WIRE  SYSTEM. 

The  combination  of  the  Edison  three-wire  system  with  field 
weakening  permits  of  a  range  of  4  to  1,  with  but  100  per  cent 
increase  in  speed  by  the  latter  ineans,  and,  consequently,  elimi- 
nates commutator  troubles  to  a  marked  extent. 

The  balanced  three- wire  system  has  been  adopted  quite  gen- 
erally in  the  past  for  lighting  purposes,  and  may  be  obtained 
either  by  means  of  standard  generator,  together  with  a  separate 
balancer,  or  by  providing  the  former  with  slip  rings  connected  to 
an  autotransformer  from  the  middle  point  of  which  the  neutral  is 
taken.  The  latter  arrangement  is  advocated  by  manufacturers  of 
this  apparatus. 

The  selection  of  motor  to  operate  on  three-wire  system  for  the 
60-in.  lathe  should  be  based  on  curves  shown  in  Fig.  12.  The  same 
assumptions  are  made  regarding  overload  as  in  the  former  case. 
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The  motor  required  for  these  conditions,  according  to  one  of 
the  principal  advocates  of  the  Edison  three-wire  system,  would 
weigh  2,000  lbs.  and  operate  from  220  r.p.m.  to  880  r.p.m. 


(41  THE  UNBALANCED  THREE-WIRE  SYSTEM. 


The  unbalanced  three-wire  system  was  develojied  to  give,  with 
a  niinimuni  size  motor,  a  range  somewhat  greater  than  (J  to  1. 


Rev. per  Min.  of  face    Plate. 
Fig.  12. 

For  a  range  of  i  to  1,  or  under,  it  has  no  advantage  over  the 
balanced  three-wire  system,  nor  does  it  possess  the  several  good 
features  of  the  one  last  named. 

(S)  FOUR-WIRE  MULTIPLE  VOLTAGE  SYSTEMS. 

The  principal  advantage  of  the  multiple-voltage  system  is  that 
absolutely  standard  motors  (the  same  as  are  used  for  constant- 
speed  duty)  are  used  with  perfectly  satisfactory  results.  This  is 
not  true  of  any  of  the  other  systems.  Motors  designed  to  operate 
on  a  three-wire  system  must  ruu  with  full  field,  full  voltage  at 
about  half  the  speed  of  a  constant-speed  motor  for  the  same  duty, 
therefore  cannot  be  economically  used  for  the  latter  purpose.  This 
is  true  to  a  still  greater  degree  for  motors  designed  to  give  a  wide 
range  of  speed  by  means  of  Held  weakening  only. 

The  maximum  range  in  speed  obtainable  by  the  system  under 
consideration  depends  upon  the  voltages  adopted  and  the  amount 
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the  held  IS  weakened,  but  for  purposes  of  economy,  except  where 
constant  torque  is  required,  the  working  scale  is  usually  continc-d 
to  the  h.gher  .voltages.  The  lower  voltages,  while  used  chiefly  for 
starting,  prove  of  great  assistance  at  times  for  setting  up  work 

The  two  systems  which  have  been  advocated  differ  in  that  one 
requires  an  arithmetical  series  of  voltages,  and  the  other  a  geomet- 
rical  series.  In  either  case  a  balancer,  or  specially  designed  gen 
erator.  ,s  required  to  give  the  voltage  referred  to  and  four  wires 
employed  for  distribution.  These  two  features  are  frequently  cited 
as  disadvantages  that    more  than    offset  the  good  points  of  this 


Fig.  13. 

system,  but.  in  reality,  they  do  not  complicate  matters  to  anygreat 
extent  nor  add  materially  to  the  cost  of  a  large  installation. 

While,  as  stated  above,  the  average  machine  tool  may  be  con- 
sidered  as  requiring  constant  horse-power  through  its  working 
range,  in  numerous  instances,  particularly  when  dealing  with  larae 
machinery,  we  find  that  requirements  call  for  an  increased  horst 
power  with  an  increased  speed.  For  such  cases  the  multiple-volt- 
age system  is  most  desirable  as  is  clearly  shown  by  the  curves  in 
Fig.  13. 

This  data  relates  to  a  large  gun  lathe,  driven  by  multiple- 

l^oltage  apparatus.     The  lower  curves  are  drawn  through  points 

determiD.d  by  actual  test  and  show  the  power  required  to  drive 
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the  lathe  with  face  plate  in  place,  but  otherwise  running  li^rht. 
The  power  available  for  useful  work  is  represented  by  the  vertical 
height  between  the  curves  just  referred  to  and  the  upper  ones, 
which  show  the  relation  between  horse-power  and  speed  of  a 
standard  35-hor9e  power  Crocker- Wheeler  motor.  Such  examples 
are,  of  course,  exceptional. 

Thus  far,  I  have  assumed  the  use  of  the  same  range  in  motor 
speeds,  when  operating  on  the  spindle,  backgear,  and  triple  gear, 
and  in  the  case  of  field  weakening  motors,  or  those  operating  on  a 
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Rev. per  Min  of  Face  Plate 

Fig.  14. 

balanced  three-wire  system  and  rated  as  above  there  would  not  be 
any  advantage  in  doing  otherwise.  The  characteristics  of  the 
multiple-voltage  system,  however,  are  such  that  a  smaller  motor 
can  frequently  be  used.  The  gear  ratios  are  determined  by  the 
nature  of  the  load  curve.  This  fact  was  borne  in  mind  when 
plotting  the  curves  shown  in  Fig.  14  relative  to  multiple-voltage 
equipment  for  lathe  A.-B.  Company. 

A  motor  weighing  2,350  lbs.  and  operating  from  236  r.p.m.  to 
820  r.p.m.  is  recommended  by  one  of  the  leading  manufacturers  of 
this  apparatus.  They  prefer  to  rate  their  motors  very  conserva- 
tively, which  accounts,  for  the  decrease  in  horse-power  with  field 
weakening.  By  actual  test  their  motors  stand  up  under  these  con- 
ditions as  well  as  many  other  makes  that  are  said  to  deliver  constant 
horse-power  through  a  range  of  2  to  1. 
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(3)    NOTES  CONCERNING  DIFFERENT  HAKES  OF 
APPARATUS. 

In  every  instance  final  decision  must  rest  with  the  perfection 
of  apparatus.  One  of  the  most  important  details  so  far  as  efficient 
sliop  use  of  the  motor  drive  is  concerned  is  the  controlling  mechan- 
i!<ni.  For  machine-shop  duty  thoroughly  rugged  and  compact 
controllers  are  required.  No  contacts  should  be  exposed  as  is  now 
the  case  with  the  aj)paratus  furnished  hy  a  number  of  manufac- 
turers of  field  weakening  motors.  With  thoroughly  efficient  appa- 
ratus it  is  practically  impossible  to  damage  either  the  luotor  or 
controller  by  the  rapid  operation  of  the  latter.  I  do  not  mean  by 
this  that  it  is  well  to  swing  the  controller  handle  suddenly  from 
the  off  position  to  the  full-speed  point,  but  such  action  should  not 
result  in  destructive  sparking  at  the  commutator  or  arcing  at  the 
controller  points. 

The  satisfactory  operation  of  a  controller  for  the  conditions 
under  consideration  depends  largely  upon  the  success  with  which 
the  manufacturer  has  fulfilled  the  following  conditions: 

(1)  Controllers  shouhi  be  completely  inclosed  in  iron  casing. 

(2)  It  should  he  impossible  through  the  manipulation  of  the  eon. 
troller  to  stop  the  motor  at  auy  place  on  the  scale  other  than  theofl'positiou. 

(3)  Rapid  operation  of  the  controller  should  uot  cause  serious  dam- 
age to  either  motor  or  controller. 

(4)  They  should  be  so  designed  that  they  can  be  easily  oj.erated 
from  a  convenient  point  on  machine. 

(o)  A  suftieieiit  number  of  speeds  should  l)e  provided,  depending  on 
machine  re<iuiremeut.s. 

(6}  Controllers  that  require  frequent  operatiou  must  be  designed 
with  liberal  contact  surface  aiul  more  rugged  in  every  respect  than  those 
used  principally  as  "speed  setters,"  and  as  a  result  onlv  operated  at 
intervals. 

(7)  The  design  sliould  permit  of  repairs  with  the  greatest  ease.  In 
this  connection  the  location  and  type  of  resistance  grids  should  be  given 
careful  consideration. 

(8)  Kach  speed  should  be  clearly  defined  either  by  a  star-wheel  and 
pawl  or  other  means. 

A  number  of  manufacturers  have  placed  on  the  market  con- 
trollers that  are  giving  good  results,  and  in  most  respects  comply 
with  the  above  requirements. 
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Motors  Lave  been  designed  to  accompany  these  controllers 
that  are  well  suited  for  application  to  machines,  in  so  far  as  their 
external  dimensions  are  concerned,  but  at  the  same  time  we  feel 
sure  that  the  electrical  manufacturers  who  are  willing  in  certain 
cases  to  depart  from  iiresent  designs  will  gain  a  strong  position 
with  the  machine  builders. 

(4)     CONCLUSIONS. 

Tn  all  probability  a  paper  such  as  I  have  prepared  for  this 
meeting  of  electrical  engineers,  would  have  seemed  decidedly  out 
of  place  some  years  ago.  I  have  dealt  with  matters  which  would 
then  have  been  considered  the  business  of  the  machine  builder  or 
mechanical  engineer,  and  not  requiring  the  tliought  and  study  of 
the  electrical  profession.  It  is  now  realized,  however,  that  the 
motor-drive  problem  presents  many  new  features,  and  is  a  distinctly 
different  one  from  the  manufacture  and  sale  of  standard  generators, 
for  example.  The  earning  power  of  the  latter  is  largely  dependent 
upon  the  design  and  workmanship,  features  that  can  be  passed 
upon  before  the  machinery  leaves  the  works.  If  a  power  plant  is 
found  to  be  too  small,  more  units  can  be  readily  added  without  in 
any  way  interfering  with  those  in  use.  On  the  other  hand  the 
earning  power  of  a  motor  equipment  for  individual  operiition  of 
machines  depends  largely  on  conditions  over  which  the  manufac- 
turer has  no  control.  The  continued  growth  of  this  department 
of  his  plant,  however,  is  governed  by  results  actually  obtained 
with  his  product  under  working  conditions,  so  to  protect  himself 
he  is  called  \ipon  to  see  that  the  proper  equipment  is  selected,  and 
if  possible,  advise  as  to  its  use.  As  far  as  the  customer  is  con- 
cerned, it  would  usually  be  better  for  him  to  close  his  eyes  and 
grasp  any  one  of  possibly  four  makes  of  apparatus,  devoting  his 
time  to  its  proper  installation  and  operation,  rather  than  reversing 
the  process  as  is  so  often  done. 

The  conclusions  reached  above  concerning  the  motors  required 
for  the  60-in.  lathe  are  summarized  in  the  table  below: 

Weight.  Min.  R.P.M.  Max.  R.P.M. 

Field  weakening 2,300  225                  787 

Three-wire  system 2,600  220                  770 

Four-wire  system 2,360  235                 820 
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It  must  be  remembered  that  tbe  ability  of  these  motors  to  fill 
the  imposed  conditions  was  not  determined  by  actual  test  the 
data  being  the  recommendations  of  well-known  electrical  co'.nna 
n.es  who  manufacture  the  respective  types  of  apparatus.  These 
hgures  should  at  least  make  it  clear  that  many  statements  con- 
stantly  made  concerning  the  size  of  motor  required  for  a  given 
horse-power  and  speed  range  cannot  be  other  than  erroneous 

I  pointed  out  above  the  conditions  which  must  be  met  by  the 
machine  builder  necessitating  the  selection  of  a  type  that  does  not 
require  for  its  operation  special  auxiliary  apparatus.  While  motors 
operating  on  two  wires  and  giving  a  range  as  high  «s  4  to  1  by 
means  of  field  weakening  do  not  at  present  give  as  good  all-round 
results  as  those  operating  on  the  multiple-voltage  and  tliree-wire 
systems,  we  feel  that  their  adoption  by  the  manufacturers  referred 
to  ,s  certainly  justified,  ^en  this  is  more  fully  appreciated  the 
electrical  companies  should  rapidly  achieve  better  results  in  this 
direction. 

The  customer  purchasing  for  his  own  use  should,  on  the  other 
band,  different>ate  d.arhj  letween  the  machine  huilder,'  reqinre- 
wents  and  hh  own,  for  in  many  cases  he  can  secure  more  satisfac- 
tory results,  all  things  considered,  through  the  adoption  of  a  system 
combining  with  field  weakening  a  number  of  voltages 
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It  is  only  within  a  few  years  that  what  is  now  regarded  as 
proper  attention  to  lighting  has  been  considered  in  the  design  and 
construction  of  factory  buildings.  Formerly,  a  shop  seemed  to  be 
designed  more  to  protect  the  tools  and  materials  from  the  weather, 
than  to  afford  any  degree  of  convenience  or  comfort  for  the  work- 
men.    It  is  now  regarded  as  good  business  policy  (in  other  words. 


BUSTOX  &  ALBANY  KAILKOAD  MACHINE   SHOP,  WEST  SPRINGFIELD,  MASS. 
Equipped  with  White  Adjustable  Fixtures. 

It  pays)  to  provide  buildings  which  are  properly  heated,  lighted, 
and  ventilated.  In  such  buildings,  at  has  been  found  that  work- 
men are  more  content^  do  better  work,  and  produce  more.  From 
the  old-fashioned  blacksmith  shop,  in  which  each  smith  was  sup- 
posed  to  work  by  the  light  of  his  own  fire,  it  is  a  far  cry  to  shops 
such  as  those  of  the  National  Cash  Eegister  Company  at  Dayton, 
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Ohio,  in  which  the  comfort  and  convenience  of  the  employees  lias 
been  given  a  degree  of  attention  that  seems  to  the  old  shop  man- 
agers to  partake  of  the  nature  of  coddlintr. 

DISTRIBUTION  OF  SUNLIGHT, 

In  considering  this  question  of  lighting,  it  is  well  understood 
that  daylight  is  the  best  light,  especially  when  it  is  not  accom- 
l)anied  by  the  direct  rays  of  the  sun.  To  properly  distribute  day- 
light—which is,  of  course,  the  cheapest  light — over  large  areas,  is 
the  first  problem  to  be  considered  in  the  design  of  new  shop  build- 


WHITE  ADJUST.^BLE  FIXTURES  IX  WORCESTER  SAFE  DEPOSIT  &  TRUST 
COMPANY.  WORCESTER.  MASS. 

ings.  This  may  be  accomplished  in  a  number  of  ways.  Where 
buildings  are  several  stories  in  height,  and  where  light,  except  in 
the  upper  story,  must  be  admitted  from  side  windows,  those  win- 
dows should  reach  from  the  top  of  the  bench  to  the  ceiling.  A 
given  amount  of  glass  arranged  in  this  manner  gives  a  much 
better  general  distribution  of  light  than  the  same  amount  of 
glass  put  into  the  ordinary  form  of  short  windows.  The  amount 
of  lighc  in  the  center  of  the  room  depends  very  largely  upon  the 
height  of  the  windows  at  the  side.     All  modern  factory  buildings 
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are  now  lighted  by  long,  narrow  windows.  The  common  type  of 
shop,  consisting  of  an  open  floor  with  a  gallery  on  both  sides,  is 
usually  lighted,  in  addition  to  the  tall  side  windows,  by  glass  in 
the  sides  of  the  monitor  roof.  If  these  monitor  windows  are  kept 
clean,  they  add  greatly  to  the  ligli't  of  the  main  floor. 

The  best  system  of  roof  lighting  is  by  means  of  what  is  termed 
a  "  saw-tooth  "  roof,  the  short  and  comparatively  steep  side  of  the 
tooth  being  composed  wholly  of  glass.  This  glass  should  face  as 
nearly  north  as  possible,  in  order  to  avoid  the  direct  sunlight.     In 

this  connection,  it  will  be 
remembered  how  the  work- 
men of  the  old  school,  es- 
])eeially  if  employed  on  work 
requiring  close  application, 
always  selected  a  north  win- 
dow, even  if  the  view  there- 
from was  not  so  pleasing  as 
that  from  some  other  point 
of  the  compass.  This  saw- 
tooth roof  may  be  used  on 
the  top  of  a  monitor  in  place 
of  side  windows,  and  it  re- 
sults in  a  much  better  light- 
ed floor. 

Old  shops,  in  which  a 
change  in  amount  or  loca- 
tion of  glass  area  is  impossible,  can  have  their  light  increased  in 
amount  and  better  distributed  by  a  judicious  arrangement  of  ma- 
chines, and,  particularly,  by  keeping  the  walls  and  ceilings  as  nearly 
pure  white  as  possible.  Whitewash  is  so  cheap  and  so  easily  ap- 
plied by  modern  pneumatic  methods,  that  there  is  little  or  no  excuse 
for  neglect  in  this  particular.  WTiitewash  can  easily  be  made  so 
that  it  will  not  readily  rub  off,  in  fact,  so  that  it  can  be  washed; 
but  in  most  cases  a  fresh  application  is  preferable  to  cleaning 
The  removal  of  all  possible  belting  (which  can  be  accomplished 
by  electric  driving,  either  individually  or  by  the  group  system) 
adds  largely  to  the  lighting  effect,  and  also,  by  the  suppression 
of   dust  and  flying  oil,  keeps    the  walls    and    ceilings    in    much 


WELSBACH  BURNER, 

With  sUvered  glass  reflector. 
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better  condition.  Some  factories  carry  this  -K-hitenino-  effect  to 
the  point  of  having  the  machine  tools  painted  white  and  var- 
nished. This  not  only  avoids  dark  spots  in  the  room,  but  shows 
plainly  any  neglect  of  machinery.  In  a  shop  equipped  in  this 
manner,  the  dirty  and  slothful  workman  is  entirely  out  of  place, 
and  he  usually  changes  his  habits  or  seeks  some  other  shop  where 
his  natural  conditions  prevail. 

ARTIFICIAL  IJQHTINQ. 

Artiticial  lighting,  which  is  usually  required  in  northern  lati- 
tudes, may  be  divided  into  three  classes:  General  lightincr,  in- 
dividual lights,  and  portable  lights. 

Lighting  by  candles,  except  in  some  cases  of  portable  lights, 
has  entirely  disappeared;  but  many  country  shops  still  have  to  de- 
pend upon  oil  as  an  illuminant.  In  such  cases,  large  lamps  of  the 
Argand  type  are  suspended  from  the  ceiling  for  general  illumi- 
nation, and  small  flat-wick  lamps,  preferably  on  swino-ino-  wall 
brackets,  are  used  for  the  individual.  The  quality  of  this  illumi- 
nation depends,  first,  upon  the  care  of  the  lamps,  and,  second,  up- 
on the  quality  of  the  oil.  Oil  lights  at  best  are  dirty  and  entail 
a  large  amount  of  labor.  They  are  objectionable  in  that  they 
must  be  kept  from  draughts  of  air,  which  smoke  the  chimneys, 
and  thus  the  shop  is  often  deprived  of  proper  ventilation. 

Gas  is  more  freipiently  used  for  shop  lighting  than  any  other 
artificial  illuminant.  It  may  be  classed  under  the  heads  of  oil  gas, 
coal  gas,  natural  gas,  and  acetylene.  For  the  isolated  shop,  oil  gas 
and  acetylene  are  particularly  adapted,  as  such  gas  plants  are  easily 
installed  and  require  but  little  attention.  In  every  case,  the  o-as 
plant  should  be  entirely  separate  from  the  factory  building,  and 
preferably  under  ground.  While  acetylene  furnishes  a  light 
almost  ideal  in  character,  it  is  particularly  poisonous,  although  leak- 
age  is  readily  detected  by  its  odor.  A  more  serious  drawback  is 
that  this  gas  forms  violently  explosive  compounds  when  mixed 
with  air  in  comparatively  small  proportions.  Many  serious  and 
some  fatal  accidents  have  occurred  by  failure  to  realize  the  impor- 
tance of  this  fact.  These  installations  should  be  made  only  by 
those  thoroughly  familiar  with  the  subject,  and  their  use  must  be 
carefully  guarded. 
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Coal  gas  is  very  largely  used  for  shop  lighting,  on  account  of 
its  comparative  cheaj)iiess  and  tlie  fact  that,  even  in  small  cities,  it 
can  he  readily  ohtained.  As  it  is  also  used  in  many  shops  for  heat- 
Jng,  in  connection  with  the  Bunsen  burner  and  l)lowpipe,  it  serves 
a  double  function  wliich  renders  it  peculiarly  adapted  for  factory 
purposes.  The  ordinary  open  fish-tail  burner,  consuming  about 
six  cubic  feet  per  liour,  is  the  tvpe  of  burner  generally  used.  This 
light  is  objectionable  on  account  of  the  fact  that  it  vitiates  the  air; 
this,  in  the  winter  months  when  the  windows  are  closed,  becomes 
a  serious  naatter,  and  calls  for  largely  increased  ventilation.  The 
light  flickers,  even  in  still  air,  which  makes  it  very  trying  to  one's 
eyes  when  engaged  on  fine  work,  and  this  difficulty  is  further  in- 
creased by  currents  of  air  caused  by  open 
windows  or  movincr  belts. 
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OnliiKirv  illuminating  gas  used  in 
(tonnectiou  witha  Welsl)ach  burner,  fur- 
nishes a  Very  steady  light  with  about 
one-half  the  gas  consumption  necessary 
for  the  open  light.  The  Welsbach  light 
is  bestsuited  for  general  lighting,  where 
two  or  uiore  burners  are  contained  in  the 
same  globe  and  suspended  from  the  ceil- 
ing. As  an  individual  light,  the  Wels- 
bach  is  not  in  great  favor,  on  account  of 
its  ffhastly  color  combined  with  a  faint 
tinge  of  green,  which  renders  it  objec- 
tionable to  many  workmen.  The  man- 
tle used  in  the  "Welsbach  light  is  ex- 
tremely fragile,  and  it  is  quickly  put 
out  of  commission  by  shocks,  vibration,  and  air  currents.  For 
these  reasons  it  is  not  so  vvell  suited  for  use  in  the  shop  as  it  is  for 
domestic  purposes.  The  Welsbach  light,  however,  is  not  depend- 
ent upon  the  illuminating  quality  of  the  gas,  but  upon  the  incan- 
descence of  the  mantle,  which  may  be  produced  by  any  form  of 
fuel  gas' without  the  enriching  necessary  to  make  it  suitable  for 
use  in  an  open  burner.     Natural  gas,  therefore,  which  is  used  for 


OKDINARY  WELSBACH 
BURNER. 
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heating  iu  many  eections  of  the  country,  can  also  be  used  for  lio-ht- 
ing  if  employed  in  the  Welsbach  burner.  As  this  gas  is  very 
cheap,  it  often  pays  to  use  it  in  tills  manner. 


Opvv    au.tav,,.   1^™  „  White  ADJUSTABLE  Ceiling 

0P..N-AHO  LAMP,  Double.     Open-ahc  Lamp.  Single.         Fixture  fobIncandes- 
°"*^'y'^-  cm  Style.  CENT  LIGHT.    Style  A. 

ELECTRIC  LIQHTINQ, 

Electric  lighting  is  rapidly  being  introduced  for  shop  pur- 
poses, espec'-ally  when  the  current  is  generated  in  the  factory. 
The  arc  light  is  commonly  used  for  general  illumination,  and  the 
incandescent  light  for  the  individual.  The  open  arc  light  is  being 
supplanted  by  the  enclosed  arc,  with  a  distinct  gain  in  economy 
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and  safety.  The  open  arc,  even  with  the  best  quality  of  carbon, 
is  somewhat  noisy,  and  is  subject  to  disagreeable  flickering,  while 
the  falling  of  pieces  of  incandescent  carbon,  is  not  only  annoying, 
but  dangerous.  The  enclosed  arc  light  requires  less  frequent  trim- 
ming, is  more  steady,  and  owing  to  the  fact  that  it  is  enclosed,  it 
absolutely  prevents  danger  from  falling  particles  of  carbon.     Arc 


Enclosed  Arc  Lasip. 
Globe  in  Trimiiing  Position. 


Westinghocse  Series— Altkrnating 
Enclosed— Arc  Lamp. 


lights  for  general  illumination  are  u.sually  in  the  vicinity  of  1,200 
candle-power. 

The  l(i-candle-power  incandescent  lamp  is  generally  used  for 
individual  light  ;  but  the  S-candle-power  lamp,  with  a  suitable  re- 
flector, is  less  dazzling  and  furnishes  all  the  light  necessary.     The 
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system  adopted  in  some 
drafting  rooms,  of  using  an 
inverted  arc — that  is,  one 
with  the  crkter  in  the  lower 
carbon— combined  with  a 
reflector  to  throw  the  light 
directly  to  the  ceiling,  re- 
sults in  a  uniformly  dif- 
fused light.  This  avoids 
the  sharp  shadows  cast  by 
the  direct  light  from  the 
are,  and  has  much  to  rec- 
ommend it  as  a  shop  light, 
especially  if  the  ceilings 
and  -walls  are  kept  white. 
There  are  several  styles 
of  fixtures  used  in  connec- 
tion with  the  incandescent 
light  to  place  the  lamp  in 
any  desired  position,  as  the 

ordinary  drop  light  is  very  inconvenient  in  this  particular.      The 
"White  fixture,  with  its  ball-and-socket  joint,  is  one  of  the  best. 

In  connection  with  the  question  of  electric  lighting,  the  neces- 
sity of  maintaining  a  constant  voltage  is  one  that  is  not  given  the 


White  Adjustable  Bench  Fixture 
Incandescent  Light.    Style  D. 


COOPER  HEWaTT  LAMP  FOR  GENERAL  INTERIOR  LIGHTING. 

Type  H  7,  an  unproved  lorm  of  Type  V  5.    Can  be  operated  tu  liorizontai,  vertical 

or  inclined  position. 
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attention  it  deserves.  It  is  almost  impossible  to  secure  satisfactory 
lighting  from  a  generator  driven  by  the  main  engine,  and  this  ia 
especially  true  if  electric  cranes  are  also  operated  from  this  gener- 
ator. In  the  best  practice  it  is  considered  necessary  to  have  a 
separate  engine  and  generator  to  be  used  solely  for  the  lighting 
system.  A  generator  driven  by  the  main  engine  is  found  satis- 
factory for  crane  service. 


CoopF.ii  HKwiir  Lamp  fob  Intkrior  Lighting  whekk  Moderately 
Strong  Illumination  is  Desired. 
Designed  for  series  Installation— two  in  series  on  100  to  120  Tolts  direct  current.    Sus- 
pended at  an  angle  of  20^  from  celling  or  fastened  to  wall.    Type  H  6. 

The  Cooper  Hewitt  Light.  The  Cooper  Hewitt  mercury  vapor 
lamp  is  the  cheapest  form  of  electric  lighting,  and  will  undouljt- 
edly  be  the  commercial  light  for  factory  use,  especially  in  shops 
doing  a  fine  class  of  work.  The  color  of  this  light,  due  to  the 
total  absence  of  red  rays,  is  objectionable  but  not  injurious;  and 
further  experiments  will  undoubtedly  produce  a  light  based  on 
this  principle  which  will  meet  many  requirements 

For  portable  lighting,  there  is  nothing  at  present  superior  to 
the  incandescent  lamp,  for,  by  means  of  a  long  flexible  cord,  it 
can  be  taken  to  any  position.  The  incandescent  lamp,  furnished 
with  a  magnetic  base,  can  be  attached  to  any  iron  or  steel  surface, 
where  it  will  remain  until  the  light  is  extinguished.  For  erection 
work,  particularly,  this  type  of  lamp  is  peculiarly  adapted. 
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Fnrgiiis  in  generd  treats  of  the  hammering,  wo-king,  or  fomung 
of  heate<l  metals. 

The  .Materials  upon  which  the  work  of  for-ing  or  blacksmith- 
ing  I.S  clone,  are  wrought  iron  and  .steel.     As  explained   in   '•  .Metal- 
Jurgj,"  wrought  iron  is  an  iron  from  which  "the  silicon   phosphorus 
and  most  of  the  carbon  has  been   removed."     Steel    usually  con- 
tains .some  of  the  impurities  that  are  characteristic  of  ca.st  iron  with 
the  marked  peculiarity  of  holding  a  varying  percentage  of  carbon. 
:\rild  steels  are  so  called  on  account  of  the  small  amount  of  carbon 
which  they  contain.     As  the  percentage  of  carbon  increases,  it  be- 
comes more  difficult  to  weld  the  metal.     Greater  care  must  al.so  be 
used  in  heating  lest  the  metal  lie  burned  and  its  strength  destroyed. 
Tntil  recently  all  heavy  forgings  involving  welding,  were  made  of 
WTOUght  iron,  but  now  it  is  customary  to  make  most  forgings  of  mikl 
steel,  particularly  large  ones,  although   w-ought   iron  is  somewhat 
more  satisfactory  where  a  great  amount  of  welding  is  required. 

These  metals  may  be  roughly  di\-ided  into  three  general  classes; 
although  the  division  line  may  not  be  sharply  drawn  between  any 
two  classes,  the  classes  being  Wrought  Iron,  Machine  Steel  and  Tool 
Steel.  The  characteristics  and  method  of  manufacture  of  the  three 
metals  are  described  in  ":\Ietallurgy."  A  rough  distinction  such  as 
a  blacksmith  would  use  is  about  as  follows:  Wromjht  Iron  has  a 
fibrous  .structure  with  stringy  streaks  of  slag  running  lengthwise  of 
the  bar  giving  it  a  decided  fibre,  similar  to  wood.  Machine  Steel, 
more  properly  described  as  mild  steel,  or  sometimes  called  soft  steel, 
has  much  the  same  properties  as  wrought  iron  excepting  that  it  lacks 
the  fibre  and  is  somewhat  stronger.  Tool  Steel  differs  from  the 
other  two  materials  in  the  fact  that  by  suddenly  coohng  from  a  high 
heat  It  may  be  made  very  hard,  or  hardens,  as  the  technical  term  is. 
}^^ought  iron  or  machine  steel  are  not  hardened  by  the  same  treat- 
ment.   Tool  steel  is  practically  the  same  thing  as  wrought  iron  or 
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machine  steel  with  a  small  percentage  of  carbon  added.  In  fact, 
either  of  the  two  metals  may  be  turned  into  tool  steel  by  the  addition 
of  carbon.  This  principle  is  used  in  case  hardcninj;.  Norway  iron 
or  Swedisli  iron  is  a  },'rade  of  very  pure  wronjjht  iron  containing;  little 

slag.  It  is  more  expensive 
t  h  a  n  ordinary  wrought 
iron.  Rcfinefl  iron  is  a 
grade  of  wronglit  iron 
not  a.s  good  as  Norway 
iron  but  belter  than  or- 
dinary iron.  Norway 
iron  costs  about  twice  as 
nnich  a,s  machine  .steel, 
which  is  somewhat 
cheaj)er  than  wrought 
iron  of  almost  any  grade.  .Maciiine  steel,  made  by  both  the  open- 
hearth  and  Bessemer  proce.s.ses,  is  u.sed  for  forging. 

EQUIPMENT. 

The  equipment  of  the  forge  shop  consists  in  general  "of  ;i  forge 
in  which  the  metals  are  heated,  iui  anvil  for  resting  tlie  metals  on 
while  hammering,  and  the 
various  tools  as  described 
below  for  .shaping  and 
working. 

The  Forge.  While  forges 
or  fires  are  of  many  shapes 
and  sizes  the  principles  of 
their  construction  remain 
the  same.  An  ordinary 
blacksmith  forge  is  a  fire- 
place  in  the  bottom  of 
which  there  is  a  tuyere  for 
admitting  a  blast  of  air  to 
blow  the  fire.     WTiere  the 


Fig.  2. 


air  blast  is  furnished  by  a  hand  bellows,  the  pipe  leading  therefrom  to 
the  tuyere  is  open  throughout.  Where  a  power-driven  blower  furn- 
ishes the  blast,  there  is  a  valve  in  the  pipe  for  regulating  the  same. 
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Tlie  usual  form  of  tuyere  consists  of  a  sins;le  l)Iast  pipe,  open- 
inj,'  into  the  l)ottoni  of  the  fire  j)it.  Tin's  may  he  a  siinjjle  noz/le  as 
in  Fig.  1,  with  the  blast  regulated  hy  a  damper  in  tiie  pipe;  or,  it 
may  have  a  regulator  at  tlie  mouth  of  tlie  tuy<-re  as  sliown.  Son'ie- 
times  the  tuyere  has  several  openings,  and  is  then  in  tlie  form  of  a 
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grate.  AMiatever  its  form,  it  should  I)e  possible  to  clean  it  from  be- 
low, in  order  that  coal  and  clinkers  falling  into  it  may  be  removed. 
A  modern  type  of  forge  is  shown  in  Fig.  2.  This  is  provided 
with  a  hood  for  carrying  off  the  smoke.  The  pipe  connected  to  the 
hood  extends  dowTiward  to  an  underground  flue  leading  to  an  ex- 
haust fan  which  draws  out  the  air.     The  blast  pipe  is  also  under- 
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ground,  and  a  small  pipe  leads  upward  to  the  tuyere,  the  amount  ot 
blast  admitted  tt)  the  fire  heinj;  reijulated  hy  a  slide  in  this  pipe. 
This  system  of  underfjround  piping;  is  known  as  the  "Down  Draft" 
system. 

In  .some  shops  no  provi.sion  is  made  for  carrying  t)fV  the  smoke, 
while  in  others  hoods  are  placetl  above  the  forges  and  connected  to 
overhead  pipes,  which  may  be  either  connected  to  an  exhaust  fan  or 
led  directly  to  the  roof.  The  "Down  Draft"  sy.stem  is  the  more  mod- 
ern and  generally  the  best. 

The  Blast  is  fiu'iiished  to  the  fires  of  a  l)Iacksmith  shop  by  iijowers 
of  various  kinds.  For  many  years  the  ordinary  bellows  was  used. 
This  has  been  superseded  by  the  fan  blower  which  is  now  almost 
universally  used,  even  for  hand  jiower. 

Such  a  fan  blower  is  .shown  in  Fig.  3.  It  is  formed  of  a  thin 
cast-iron  .shell  in  which  there  are  a  .set  of  rapidly  revolving  blades. 
These  blades  set  ny)  a  current  of  air  which  presses  against  the  side 
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of  the  shell  and  escapes  through  the  tangential  opening.  The 
pressure  of  the  blast  u.sed  for  an  open  blacksmith  fire  varies  from 
about  2  to  7  ounces  per  square  inch.  Tlie  lower  ])re.ssure  is  used 
for  a  light  fire  and  light  work.  The  higher  pressure  is  suitable 
for  heavy  classes  of  work. 

Hammers.  Several  kinds  of  hammers  are  uscfl  in  a  forge  shop. 
The  commonest  shape  is  the  hall  penc  .shown  at  A,  Fig.  4.  Other 
kinds  are  the  straight  pene  and  cross  penc  illustrated  at  B  and  C. 
A  square  faced  hammer  sometimes  called  a  blacksmith's  hammer, 
is  showTi  at  D.  This  is  occasionally  used  on  tool  work.  Com- 
monly a  ball  pene  hammer  of  about  a  pound  and  a  half  weight  is  used. 


FORGING 


In  the  fitting  of  the  handle  to  the  head  great  care  should  be 
taken.  Hammer  iiandles  are  made  elliptical  in  cross  section.  The 
major  a.xis  of  tiiis  ellipse  should  exactly  coincide  with  that  of  the 
eve  of  the  head.  The  reason  is  that  the  hand  naturally  grasps  the 
handle  so  that  its  major  axis  lies  in  the  direction  of  the  line  of  motion. 
Hence,  unless  the  handle  is  properly  fitted  in  this  particular,  there 
will  be  coii-stant  danger  of  striking  a  glancing  blow.  The  handle 
should  al-so  stand  at  right  angles  to. a  center  line  drawn  from  the  ball 
of  the  pene  to  the  face.     The  eye  in  the  head  is  usually  so  .set  that  the 
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weight  on  the  face  side  is  greater  than  that  on  the  pene.  The  effect 
of  this  is  to  .so  balance  the  tool  that  heavier  and  more  accurate  blows 
can  be  struck  than  if  the  weight  were  evenly  balanced  on  each  sit.^ 
of  the  eye. 

Sledges  are  hea\-ier  hammers  used  by  the  blacksmith's  helper 
and  vary  in  weight  from  five  to  twenty  pounds.  The  three  common 
shapes  are  shown  in  Fig.  3;  A,  B,  and  C  being  cross  pene,  straight  pene 
and  double  faced  sledges  respectively.  A  sledge  for  common  work 
ordinarily  weighs  about  12  pounds.  Sledge  handles  are  generally 
about  30  to  36  inches  long,  depending  on  the  nature  of  the  work 
to  be  done. 

Amils.  Next  to  the  hammer  in  importance  is  the  anx-il.  This 
may  be  any  block  of  metal  upon  which  the  piece  to  be  shaped  is  laid. 
"^The  an\-il  must  be  of  such  a  weight  that  it  can  absorb  the  blows  that 
are  struck  upon  it  without  experiencing  any  perceptible  motion 
in  itself. 

The  ordinary  annl,  Fig.  G,  has  remained  unchanged  in  form 
for  many  hundreds  of  vears.     As  now  made,  the  body  a  is  of  wrought 


FORGING 


iron  to  which  a  face  of  hardened  steel  is  welded.  From  one  end 
there  projects  the  liorn  6,  and  the  overhan<;  of  the  body  at  tlie  other 
end  c,  is  called  the  tail.  At  the  bottom  there  are  four  projections  d, 
called  the  feet,  which  serve  to  increase  tlie  base  upon  wiiich  the  anvil 
rests  as  well  as  to  afford  the  means  for  clamping  it  down  into  position. 
Tn  the  tail  there  is  a  square  and  a  circular  hole.  The  former  is 
called  the  hardie  hole,  the  latter  the  spud  hole. 

An  an\-il  of  this  form  serves  for  the  execution  of  any  work  that 
may  be  desired. 

Ainils  are  also  made  with  a  body  of  cast  iron,  to  which  a  face 
of  steel  is  welded. 

'File  anvil  should  be  j)lace(l  upon  the  end  of  a  heavy  block  of 
wood  sunken  into  the  };round  to  a  depth  of  at  least  two  feet,  so  that 
it  may  rest  upon  a  firm  but  clastic  foundation.     .'Vs  the  anx-il  is  sul)- 
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jected  to  constant  vibrations,  In-  the  nature  of  the  work,  it  is  necessar\" 
that  it  should  he  firmly  fastened  to  the  block. 

An%nls  are  classe<l  and  sold  by  weight.  The  weight  is  generallv 
stamped  on  the  side  of  the  anvil.  Three  numbers  are  u.sed.  The 
first  to  the  left  shows  the  weight  in  cwt.  of  112  pounds  each.  The 
middle  number  shows  the  additional  (juarters  of  cwt.  and  the  right 
hand  figure  the  number  of  odd  pounds.  F'or  instance,  an  anvil 
marked  2-3-4  would  weigh  2X112-  J  of  112  +  4  lbs.=312  lbs.  and 
would  lie  known  as  about  a  300-pourid  anvil.  An\ils  are  sometimes 
made  of  .special  shajjes,  but  the  one  here  shown  is  the  common  one. 

Tongs.  Next  to  the  hammer  and  anvil  in  importance  and 
usage  are  the  tongs.     They  varv  in  size  from  those  suitable  for  hold- 
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iiifC  the  smallest  wires  to  tliose  capable  of  Iiandling  ingots  and  bars 
of  many  tons  in  weight.  Tiie  jaws  are  also  adapted  to  fit  over  the 
j)iece  to  be  handled  and  are  of  a  great  variety  of  shapes.     As  the 
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requirements  of  each  piece  of  work  \aries  so  iniicli  from  that  wlaich 
precedes  and  follows  it,  it  is  customary  for  the  blacksmith  to  dress 
his  own  tongs  and  adapt  them,  from  time  to  time,  to  the  work  he 
has  in  hand.  Comparatively  few,  therefore,  of  the  various  shapes 
of  tongs  found  in  shops  are  manufactured  and  for  sale.  A  few  of 
the  general  tj'pes  and  forms  in  common  use  are  here  given. 

A,  Fig.  7,  shows  a  pair  of  flai-jaiced  tongs,  the  commonest  shape 
used.  B  is  a  pair  of  pick-up  tongs  used  for  holding  work  while  tem- 
pering, and  picking  up  pieces 
of  hot  metal.     C  is  a  common 
shape  used  for   holding   both 
S(|uare  and    round    iron,    the 
jaws    being    bent    to    fit    the 
stock  in  each  case.     A  modi- 
fication of    this  shape   is  also 
u.sed  for  heavj'  steam  hammer 
work.     Tong.s  frequently  have 
the  jaws  made  in  some  special 
shape  for  a   particular   piece 
of  work,  the  object  always  being  to  have  the  jaws  grip  the  work  as 
firmly  as  possible. 

Fitting  Tongs.    Tongs  must  be  always  carefully  fitted  to  the  work. 
Tongs  which  take  hold  of  the  work  as  shown  in  Fig.  8.  should  not 
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be  used.  The  first  pair  shown  have  the  jaws  too  close  together, 
tlie  second,  too  far  apart.  ^^^leIl  properly  fitted  tlie  jaws  slioulil 
touch  the  work  thrniii;hoiit  tlie  entire  lenj^tli  as  sliown  in  tlie  lower 
sketch.     To  fit  toiiijs  tlie  jaws  arc  heated  rcil  hot,  the  piece  to  i)e  held 
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Fig.  10. 


placed  between  them,  and  the  jaws  hammered  down  imtil  touching 
their  entire  length.  Tongs  which  do  not  fit  the  work  perfectly 
should  never,  under  any  circumstances,  be  used.  When  in  use  on 
all  but  the  smallest  work,  a  link  is  driven  over  the  handles  to  grip  the 
tongs  in  position  as  showm. 

Set  Hammers  and  Flatters  are  nsetl  for  smoothing  off  flat  work 
when  finishing.  The  scf  hammer.  Fig.  9,  is  used  for  working  up  into 
corners  and  narrow  places.     The  flatter,  Fig.  10,  is  u.sed  on  wide 

flat  surfaces.  The  face  of  the 
set  hammer  used  on  light  work 
is  generally  about  l\  inches 
square.  That  of  the  flatter 
about  2i  inches  .square,  although 
the'  sizes  vary  depending  upon 
the  kind  of  work. 

Swages,  shown  in  Fig.  ]  1 ,  are 
u,sed  for  finishing  round  and  con- 
vex surfaces.  The  upper  tool  is 
known  as  the  top  swage  and  is 
provided  with  a  handle.  The 
lower  one  is  the  i)ottom  swage  and  is  held  in  place  by  a  stpiare 
stem  or  shank  which  extends  downw-ard  and  fits  into  the  hanlie 
hole  of  the  anvil.  Tools  of  this  character  .should  never  be  u.sed 
on  an  anvil  where  they  fit  so  tight  that  it  is  necessan.-  to  drive 
them  into   place.      The  swages  sliown    here  are    used    for  round 
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work.  Swages  are  also  made  for  octagonal,  hexagonal  and  other 
shapes. 

Fullers,  iisctl  for  working  grooves  or  hollows  into  shape,  are  also 
made  top  and  bottom  as  shown  in  Fig.  12.  The  top  fuller  is  for  fin- 
ishing into  round  corners,  around  bosses,  and  on  the  inside  of  angles 
as  illustrate{l  later  on.  The  fuller  is  also  used  to  spread  metal, 
when  it  is  wished  to  work  the  metal  only  in  one  direction.  The 
metal  spreads  at  right  angles  to  the  working  edge  of  the  fuller. 

Swage  Blocks,  a  common  sort  of  which  is  shown  in  Fig.  13. 
are  used  for  a  variety  of  piu'poses  mostly  for  taking  the  place  of 
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bottom  swages.     These  blocks  are  commonly  made  from  cast  iron 
and  weigh  about  150  pounds. 

Other  Tools.  The  tools  used  commonly  are  calipers,  a  car- 
penter's two-foot  .steel  square,  dividers,  a  rule,  shovel,  tongs,  ladle, 
poker  and  a  straight  bar  for  loosening  the  fire.  In  addition  to  the 
ordinary  calipers,  a  blacksmith  usually  has  a  pair  of  double  calipers 
similar  to  those  shown  in  Fig.  14.  With  these,  two  dimensions  may 
be  used,  one  side  lieing  set  for  the  thickness,  and  the  other  for  the 
width,  of  the  material.  TOien  several  measurements  are  to  be  made 
particularly  on  large  work,  a  strip  of  light  stock  about  J-inch  by  1 
inch  wide  is  used.  The  different  dimensions  are  laid  off  on  this 
with  chalk  or  soapstone.  In  use  the  .strip  is  held  against  the  work 
arid  used  in  the  same  manner  as  a  rule.      A  light  rod  having  a  small 
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bent  end,  made  by  bending  over  about  i  inch  of  stock  at  rijjht  angles, 
is  also  sometimes  used,  particularly  when  working  under  the  steam 
hammer.  The  dimensions  may  l)e  laid  oft'  from  the  inside  of  the 
hooked  end.  ^Mien  in  use  the  hooked  end  is  pulled  against  tlie  end 
of  the  material.  Soap-stone  crayon  is  ordinarily  used  for  marking 
on  iron.  The  marks  do  not  burn  off,  but  will  not  show  at  a  red  heat. 
Marks  to  show  at  a  high  heat  must  be  made  by  nicking  the  corner 
of  the  bar  with  a  chisel  or  by  marking  with  the  center  pimch.  An- 
other common  way  of  making  measurements  on  hot  material  is  to 
lay  off  the  different  distances  on  the  side  of  the  anvil  witii  chalk,  the 
dimensions  being  laid  off  from  one  corner  or  end. 

Fuel.  The  common  fuel  for  small  fires  is  ".soft"  or  bituminous 
coal,  coke  for  large  fires  and  furnaces,  and  occasionally  hard  coal 
in  .small  furnaces.  The  .soft  coal  u.sed 
is  of  a  grade  known  as  .smithing  coal. 
It  .should  be  very  clean  and  free  from 
impurities.  A  lump  of  good  forge  coal 
l)reaks  easily  with  a  crumbly  looking 
fracture  and  the  coal  shows  clean  and 
bright  on  all  faces.  It  will  not  break 
up  into  layers  as  "steaming"  coal  will, 
these  seamy  looking  breaks  being 
caused  by  the  more  or  less  earthy 
impurites.  If  forge  coal  splits  and 
.shows  dull  looking  streaks  or  layers,  it 
is  poor  coal.  (rood  coal  has  little 
clinker  and  bre;  ks  easily.  When 
used,  the  coal  is  dampened  and  kept 
wet  before  putting  on  the  fire.  It 
.should  be  broken  up  fine  before 
dampening,  and  not  used  in  lumps. 
Fires.  The  fire  must  be  carefully 
watched.  It  is  very  important  that  it 
should  be  in  first  class  condition  at  all  times  for  the  work  in  hand. 
A  certain  depth  of  fire  is  always  necessary.  If  the  fire  be  too 
shallow,  the  cold  blast  will  penetrate  the  fire  in  spots,  making  it 
impossible  to  heat  the  metal.      There  should   be  depth  enough  to 
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the  fire  to  prevent  this.  For  small  work  there  should  be  at  least 
three  or  four  inches  of  fire  helow  the  metal  that  is  heatino;.  There 
should  also  he  thickness  enough  of  fire  above  the  work  being  heated 
to  prevent  the  metal  from  losing  heat  to  the  outside  air.  The  fire 
siiould  be  kept  as  small  as  possible  to  heat  the  wotVl  properly.  As  a 
general  rule  the  fire  ^\^ll  follow  the  blast.  If  the  fire  is  wanted  larger 
it  may  be  made  so  by  loosening  the  edges  of  the  fire  by  a  bar,  allowing 
the  blast  to  come  through  around  the  sides,  causing  the  fire  to  spread. 
When  a  small  fire  is  wanted  the  damp  coal  should  be  packed  down 
tightly  around  the  sides  and  the  center  of  the  fire  loosened  up  slightly. 
For  light  work  a  small  romid  fire  is  used.  For  heavier  heating  the 
fire  is  started  liy  placing  a  large  block  on  top  of  the  tuyere,  on  each 
side  of  which  green  coal  is  packed  dow^l  hard  in  the  shape  of  an 
oblong  mound.  The  block  is  then  removed  and  the  fire  started  in 
the  hole  left.  These  mounds  are  left  undistin-bed  and  fresh  fuel  is 
added  to  the  fire  in  the  shape  of  coke  which  has  either  been  previously 
made  i)y  loosely  banking  a  quantity  of  green  coal  over  the  fire  and 
partially  burning  it  to  coke,  or  is  bought  ready  made.  With  a  small 
fire  the  fuel-is  constantly  added  around  the  sides  where  it  is  turned 
into  coke.  This  coke  is  raked  into  the  center  of  the  fire  as  wanted 
and  more  coal  added  around  the  sides  and  patted  down  to  keep  the 
fire  in  shape. 

O.xidizing  and  Reducing  Fires.  When  too  much  blast  is  blown 
through  the  fire  all  the  oxygen  is  not  burned  out  of  the  air.  This 
attacks  the  iron,  forming  a  heavy  coat  of  oxide,  or  scale,  (the  black 
scale  which  falls  from  heated  iron).  This  sort  of  a  fire  is  known  as 
an  oxirlizing  fire  and  should  not  be  used  when  it  is  possible  to  avoid  it. 
\Mien  just  enough  air  is  being  admitted  to  keep  the  fire  burning 
brightly  and  all  of  the  oxygen  is  burned,  the  fire  is  in  good  condition 
for  heating.  Very  little  scale  is  formed  and  some  of  the  scale  alreadv 
•  formed  may  even  be  turned  back  to  iron.  This  sort  of  a  fire  is  known 
as  a  reducing  fire.  In  other  words,  when  the  fire  is  in  condition  to 
give  oxygen  to  anything,  it  is  an  oxidizing  fire.  If  in  condition  to 
take  away  oxygen,  it  is  a  reducing  fire. 

Banking  the  Fire.  The  fire  may  be  kept  for  some  time  by  pla- 
cing a  block  of  wood  in  the  center  and  covering  over  with  fresh  coal. 

Stock.     JNIaterial  from  which  forgings  are  ordinarily  made  comes 
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to  the  forge  shop  in  the  shape  of  bars  having  uniform  sections  through- 
out; generally  round,  square,  or  rectangular  in  section,  and  varying 
from  J-inch  thick  to  18  inches  square.  Heavier  sizes  may  be  had  to 
order.  Bars  are  ordinarily  12  to  20  feet  in  lengtli.  Thin  stuff,  J  of 
an  inch  or  less  in  thickness,  usually  comes  in  strips  of  about  40  feet. 
This  may  be  had  from  stock  up  to  six  or  eight  inches  wide.  Tool 
Steel  also  comes  in  bars  generally  about  si.x  or  eight  feet  long.  The 
ordinary  sizes  of  tool  steel  stock  are  known  as  base  sizes  anti  the 
price  is  fixed  on  these  ba.se  sizes.  Stock  of  a  larger  or  smaller  size 
than  the  base  sizes  is  generally  charged  for  at  an  increase  in  price. 
Thus  inch  .square  tool  steel,  which  is  a  ba,se  size,  is  worth  in  certain 
grades  about  14  cents  a  pound.  .Steel  of  exactly  the  .same  grade  and 
character,  j^  of  an  inch  S(|uare,  co.sts  about  IS  cents. 

WELDING. 

If  a  piece  of  steel  or  iron  be  heated,  as  tlie  temperature  is 
rai.sed  the  metal  liecomes  softer.  Finally  a  heat  is  reached,  called 
the  welding  heat,  at  which  the  metal  is  .so  .soft  that  if  two  pieces 
.similarly  heated  be  placed  in  contact,  they  will  .stick.  li  the  piece.s 
so  heated  be  placed  together  and  hammered,  they  may  be  joined 
into  one  piece.  This  process  is  known  as  welding.  The  greatest 
difficulty  in  welding  is  to  heat  properly,  which  must  be  done  evenly 
and  cleanly.  If  the  temperature  is  rai.sed  too  high,  the  iron  will 
burn,  throwing  off  bright  star-like  sparks.  If  the  temperature  be 
too  low,  the  pieces  will  not  stick  to  each  other.  The  proper  heat  can 
only  be  determined  by  experimenting,  which  may  be  easily  done  by 
doubling  over  a  piece  of  scrap  iron  for  two  or  three  inches  and  weld- 
ing into  a  solid  piece. 

When  heating  wrought  iron  and  mild  steel,  as  the  welding  heat 
is  reached,  small  particles  of  the  metal  are  melted  and  blown  upward 
from  the  fire  by  the  blast.  As  these  small  particles  come  in  contact 
with  the  air  they  burn  and  form  small  explosive  sparks,  like  little 
white  stars.  Whenever  these  sparks  are  seen  coming  from  the  fire, 
it  is  a  sure  indication  that  the  iron  is  burning.  These  sparks  are 
.sometimes  used  as  a  sort  of  an  indication  of  the  welding  heat.  The 
only  .siu'e  way  of  determining  the  heat  is  by  the  appearance  of  the 
heated  iron,  which  might  be  described  as  sort  of  creamy  white,     The 


278 


FORGING  13 

welding  heat  is  sometimes  describe<l  as  a  white  heat.  This  is  not 
correct,  as  iron  or  steel  is  never  raised  to  a  white  heat  even  when 
melted.  This  may  be  easily  proved  by  comparing  a  piece  of  wrought 
iron  at  welding  heat,  with  an  ordinary  arc  lamp,  ^^'hen  two  pieces 
of  metal  are  welded  together  there  must  be  nothing  lietween  them. 
Heated  iron  or  steel  is  always  covered  with  scale  (iron  oxide).  This 
scale,  if  allowed  to  stay  on  the  surfaces  to  be  joined,  will  prevent  a 
good  weld.  It  is  necessary  when  welding,  to  heat  the  iron  or  steel  to 
a  high  enough  temperature  to  melt  this  scale  and  when  the  two  pieces 
are  put  together,  if  the  joint  or  scarf  is  properly  made,  most  of  this 
melted  scale  is  easily  forced  from  between  the  two  pieces,  leaving 
the  clean  surfaces  of  the  metal  in  contact.  This  scale  only  melts  at 
a  very  high  heat,  much  higher  than  the  heat  at  which  it  would  be 
possiiile  to  weld  the  iron  could  it  be  kept  free  from  scale. 

Fluxes.  These  are  used  to  lower  the  melting  point  of  the  scale. 
The  flux  is  sprinkled  on  the  surfaces  to  be  joined  just  I)efore  the 
metal  reaches  the  welding  heat.  The  metal  is  then  put  back  into 
the  fire,  raised  to  the  welding  heat  and  the  weld  made  as  usual.  The 
scale  is  acted  upon  by  the  flux  and  jnelts  at  a  lower  heat  than  when 
no  fliLx  is  used.  As  the  fiux  melts  it  spreads,  or  runs,  over  the  hot 
metal  and  forms  a  sort  of  protective  covering,  which,  by  keeping  out 
the  air,  prevents  to  a  large  extent,  the  formation  of  more  scale.  The 
flux  in  no  way  acts  as  a  cement  or  glue  to  stick  the  pieces  together, 
but  merely  helps  to  melt  off  the  scale  already  formed,  and  prevents 
the  formation  of  more. 

Sand  and  Borax.  These  substances  are  common  fluxes.  Sand 
may  be  used,  wlien  welding  wrought  iron  and  machine  steel;  borax 
in  place  of  sand  for  fine  work  and  when  welding  tool  steel.  Borax 
is  a  better  flux  as  it  melts  at  a  lower  temperature  than  sand,  and  thus 
makes  welding  possible  at  a  lower  heat.  Borax  and  salaramoniac 
(ammonium-chloride)  are  sometimes  mixed  and  used  as  a  welding 
compound,  or  flux,  the  proportion  being  about  four  parts  bora.x  to 
one  part  salammoniac.  This  mbrture  is  also  a  good  flux  for  brazing. 
Borax  contains  a  large  amount  of  water  which  makes  it  boil  and 
foam  when  melting  and  in  this  condition  is  very  liable  to  drop  away 
from  the  heating  metal.  If  borax  be  heated  red  hot  and  allowed  to 
cool,  the  water  is  driven  off  and  the  borax  left  in  a  glass  hke  condition. 
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Borax  treated  this  way  and  then  powdered,  is  the  best  for  welding, 
as  it  meUs  and  sticks  to  tlie  metal  without  any  boiling. 

Welding  Compounds  are  fluxes  serving  the  same  purpose  as 
sand  or  borax.  Some  of  the  better  ones  use  borax  as  a  basis.  Some 
of  these  eompounds  are  first  class  for  their  purpose  and  others  arc 
not  as  good,  being  simply  intended  as  cheap  sidjstitutes  for  borax. 

Fagot  Weld.  This  is  made  by  simply  placing  two  or  more 
pieces  on  top  of  each  other  and  welding  them  in  a  hnnp  or  slab. 
Scrap  iron  is  worked  up  in  this  way  by  making  a  pile  .six  or  eigiit 
inches  square  and  eighteen  inches  or  two  feet  long  on  a  board,  .such  as 


FiK.  1.-,. 

shown  in  Fig.  1.5.  This  pile  is  bound  together  with  wires  and  i)laced 
in  a  furnace,  fluxed  with  sand,  and  welded  into  a  .solid  lump  under  a 
steam  hammer.  These  lumps  are  afterwards  worked  out  in  bars 
or  slabs  by  rolling  or  hammering.  \Mien  a  large  piece  is  wanted, 
two  or  more  of  the.se  bars  are  placed  together  and  welded. 

Scarfing.  For  most  welding  the  ends  of  the  pieces  to  be  joined 
must  be  so  .shaped  that  when  welded  they  will  make  a  smooth  joint. 
This  shaping  of  the  ends  is  knowm  as  scarfinrj,  and  the  .shaped  end 
is  called  a  scarf.  The  scarfed  ends  should  not  fit  tightly  before 
welding,  but  should  be  so  shaped  that  they  touch  in  the  center  of  the 
joint,  leaving  the  sides  somewhat  open.  In  this  way  when  the  weld 
is  made,  the  melted  scale  is  forced  from  between  the  pieces.  If  the 
scarfs  were  made  to  touch  on  the  edge  of  the  joint,  leaving  the  center 
hollow,  the  scale  not  having  a  chance  to  escape,  would  be  held  in  the 
center  of  the  joint,  leaving  a  weak  place,  and  making  a  bad  weld. 
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Lap  Weld.  Tliis  is  the  common  wekl  used  for  joining  flat  bars 
top;etlier.  'I'he  ends  to  ho  welded  are  scarfed  or  shaped  as  shown 
in  Fi<r.  U).     In  preparint;.  the  ends  of  the  ]>iefes  to  ))e  welded  shrxild 


Fig.  IG. 

be  first  upset  until  they  are  considerably  thicker  than  the  rest  of  the 
bar.  This  is  done  to  allow  for  the  iron  that  burns  off,  or  is  lost  by 
scaling,  and  also  to  allow  for  the  haniniering  when  welding  the  pieces 
together.  To  make  a  proper  weld  the  joint  should  be  well  hammered, 
and  as  this  reduces  the  size  of  the  iron  at  that  point,  the  pieces  must 
be  upset  to  allow  for  this  reduction  in  size.  For  light  work  the  scarf- 
ing may  be  done  with  a  hand  hammer.  For  heavy  work  a  fuller  and 
sledge  should  be  used.     After  upsetting  on  light  work,  the  end  to  be 


Fig.  17 
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scarfed  is  roughly  .shaped  with  the  pene  end  of  the  hammer  as  illus- 
trated in  Fig.  17,  the  final  finishing  being  done  with  the  flat  face  of 
the  hammer. 

For  tliis  work  (finishing  the  edge  of  the  scarf)   as   well  as   all 
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pointed  work,  the  end  of  tlie  bar  should  he  hrouglit  to  the  extreme 
cdjje  of  theanNil  in  the  manner  indicated  in  Fig.  18.  In  this  way  a 
hard  blow  may  he  stnuk  with  the  eenter  of  the  face  of  the  hammer 
withont  danger  of  striking  the  hanuner  on  the  anvil.  For  all  ordinary 
lap  welding  the  length  of  the  scarf  may  he  about  1 1.  times  the  thick- 
ness of  the  bar  Thns  on  a  bar 
\-inch  diick,  the  scarf  will  be  abont 
J  of  an  inch  long.  The  width  of 
the  end,  Fig.  10,  should  be  slightly 
less  than  the  width  of  the  bar. 
In  welding  the  pieces  together  the 
the  first  piece  held  by  the  helper 
should   he  placed  scarf  side  up  on 

the  anvil  and  the  second  piece  laid  on  top,  scarf  side  down,  over- 
lapping them  to  about  the  amount  .shown  in  Fig.  19.     As  it  is  gen- 
erallv  somewhat  difficult  to  lay  the  top  piece  directly  in  place,  it 
shoidd  be  .steadied    by  resting  lightly 
again.st   the  corner  of    the   anvil    and 
thus  ".steered"  into  place. 

Round  Lap  Weld.  This  is  the 
weld  u.sed  to  join  round  bars  end  to 
end  to  form  a  continuous  bar.  All  the 
])recautions  regarding  the  scarf,  etc., 
used  for  making  the  lap  weld  .should 
be  taken  with, this  as  well.  The  gen- 
eral .shape  of  the  scarf  is  sliown  in 
Fig.  16.  It  will  be  notice<l  that  the 
end  is  hammered  to  a  sharp  point.  If 
the  scarf  be  made  with  a  flat  or  chi.sel- 
shaped  end  similar  to  the  flat  lap 
weld,  the  corners  will  project  beyond 
the  sides  of  the  bar  in  welding  and 
cause  consideralile  trouble,  a.s  it  will  then  be  necessary  to  work 
entirely  around  the  bar  before  the  joint  Ije  closed  down.  With 
a  pointed  scarf  the  weld  may  be  frequently  made  by  hammering  on 
two  sides  only.  This  is  not  so  important  when  welding  between 
swages. 


Fig.  20. 
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Ring  Round  Stock.  AM,en  a  ring  is  ,na,Ie,  the  exact  a.nount 
of  stock  may  he  cut,  tiie  ends  upset  and  scarfed  as  tiiougli  niakin<r  a 
round  lap  weld,  tlie  stock  hent  into  sliape  as  shown  in  Fig.  20  a"nd 
wel.le.1.  Tlu-  ends  should  i)e  lapped  sideways  as  .showii.  "  In  this 
position  a  ring  may  he  welded  hy  simply  laying  it  flat  on  the  anvil 
while  if  lapped  the  other  way,  B,  one  end  in,  the  other  out,  it  would 
be  necessary  to  do  the  welding  over  the  horn  of  tlie  anvil.  In  all  weld- 
mg  the  piece  should  he  so  lapped  that  the  hammering  mav  he  done 
in  the  quickest  and  easiest  manner. 

Allowance  for  Welding.  In  work  of  this  character  when  the 
stock  IS  cut  to  a  certain  length,  allowance  is  sometimes  made  for  loss 
due  to  welding.  The  exact  amount  is  hard  to  determine,  depending 
on  how  carefully  the  iron  is  heated  and  the  number  of  heats  ref.uired 
to  make  the  weld.  The  only  real  loss  which  occurs  in  weldino-  is 
the  amount  which  is  burned  off  and  lost  in  scale.  Of  course  when 
prei>aring  for  the  weld,  the  ends  of  the  pieces  are  upset  and  the  stock 
consequently  shortened.  The  piece  is  still  further  shortened  hy 
overlapping  the  ends  when  making  the  weld,  hut  as  all  of  this  material 
is  afterwards  hammered  hack  into  shape  no  loss  occurs.  No  rules 
caji  he  given  for  the  loss  in  welding,  hut  as  a  rough  guide  on  small 
work,  a  length  of  stock  equal  to  from  i  to  f  the  thickness  of  the  bar 
will  probably  be  about  right  for  waste.  Work  of  this  kind  should 
be  watched  very  closely  and  the  stock  measured  before  and  after 
welding  in  order  to  determine  exactly  how  much  stock  is  lost. 

Chain  Links.  The  first  step  in  mak- 
ing a  chain  link  is  to  bend  the  stock  into 
a  "U"  shape,  care  being  taken  to  have 
tlie  legs  of    the   "U"  exactly    even    in  ,_^ 

length.     The  scarf  used  is  approximately  Fi     21 

the  pointed  shape  used  for  a  round  lap 
weld  scarf.  .\n  easy  method  of  scarfing  is  as  follows:  One  end  of 
the  "U"  shaped  piece  is  laid  on  the  anvil  as  indicated  in  Fig.  21. 
This  is  flattened  by  striking  directly  down  with  the  flat  face  of  the 
hammer,  the  piece  being  moved  slightly  to  the  left,  as  sho^\ii  by  the 
arrow,  after  each  blow,  until  the  end  is  reached. 

This  operation  leaves  a  series  of  little  steps  at  the  end  of  the 
piece  and  works  it  out  in  a  more  or  less  pointed  shape  as  shown  in 
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Fig.  22  at  A.  The  point  should  he  finished  hy  placing  it  over  the 
horn 'of  the  anvil  and  touching  up  with  a  few  light  blows.  After 
scarfing  the  other  end  of  the  "U"  in  the  same  manner  the  ends  are 
overlapped  as  indicated  at  B  and  welded 
together.  The  second  link  is  .scarfed, 
spread  open,  and  the  first  link  inserted. 
It  is  then  closed  up  again  and  welded. 
The  third  i.s  joined  on  this,  etc.  \Mien 
made  on  a  commercial  .scale,  light  links 
are  not  always  scarfed  but  sometimes 
simply  hammered  together  and  welded  in 
one  heat.  This  is  not  pos.sible  in  ordi- 
nary work. 

Band  Ring.  A  method  of  making  a  l)and  ring  from  iron  bent 
flat  ways  is  illustrated  in  Fig.  23.  Stock  is  cut  to  length,  the  ends 
ujjset  and  scarfed,  using  a  regidar 
flat  weld  scarf,  and  the  ring  bent 
into  shape  and  welded;  the  welding 
lx>ing  done  over  the  horn  of  the 
anvil.  The  heating  must  Ise  care- 
fully done  or  the  outside  lap  will 
be  burned  before  the  inside  is 
nearlv  hot  enough  to  weld.  ,     ,      ,       r       <,„. 

Flat  or  Washer  Ring.  This  is  a  ring  made  by  bendmg  flat 
iron  edgewavs.  The  ends  of  the  stock  are  first  upset  but  not  scarfed, 
except  for  careful  work,  the  ring  bent  into  shape  and  the  comers 
trimmed  off  on  radial  hnes  as  shown 
in  Fig.  24.  The  ends  are  then  scarfed 
with  a  fuller  or  pene  of  a  hammer 
and  lapped  over  ready  for  welding 
as  shown  in  Fig.  25. 

Butt  Weld.  "When  pieces  are 
simply  welded  together  end  to  end 
making  a  .square  joint  through  the 
weld,  it  is  kno^vn  as  a  butt  weld.  It  is  best  when  making  a  wdd 
of  this  kind  to  round  the  ends  slightly  as  illustrated  m  Fig.  26.  Ihe 
ends  are  heated  and  driven  together  and    this  round   snape   forces 
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out  the  scale  and  leaves  a  clean  joint.  As  the  pieces  are  driven 
together  they  are  more  or  less  upset  at  the  joint,  making  a  sort  of 
a  burr.  This  upset  part  should  be  worked  down  at  a  welding  heat 
l)etween  swages.  .\  butt  weld  is  not  as  safe  or  as  strong  as  a  lap 
weld.     Long  pieces  may  be  butt  welded  in  the  fire.     This  is  done 


Fig.  26. 

by  placing  one  piece  in  the  fire  from  each  side  of  the  forge.  \Vhen 
the  welding  heat  is  reached  the  pieces  are  placed  end  to  end,  one 
piece  "backed  up"  with  a  hea\y  weight,  and  tlie  weld  made  by 
striking  with  a  sledge  hammer  against  the  end  of  the  other  piece. 
Jump  Weld.  Another  form  of  butt  weld  shown  in  Fig.  27  is 
a  jimip  weld  which  however  is  a  form  which  should  be  avoided  as 
much  as  possible,  as  it  is  very  liable  to  be  weak.     In  making  a  weld 


Fig.  27. 

of  this  kind  the  piece  to  be  butted  on  the  other  should  have  its  end 
upset  in  such  a  manner  as  to  flare  out  and  form  sort  of  a  flange,  the 
wider  the  better.  Wien  the  weld  is  made,  this  flange  may  be  worked 
down  with  a  fuller  or  set  hammer,  thus  making  a  fairly  strong  weld. 
Split  Weld  for  Thin  Stock.  Very  thin  stock  is  sometimes 
difficult  to  join  with  the  ordinary  lap  weld  for   the   reason   that    the 
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pieces  lose  their  heat  so  rapidly  that  it  is  almost  impossible  to  get 
them  toffether  nn  tiie  anvil  before  they  have  cooled  below  the  welding 
heat.  This  difficnlly  is  somewhat  overcome  by  shaping  the  ends 
as  shown  in  Fig.  2S.  The  ends  are  tapered  to  a  blunt  edge  and  split 
down  the  center  for  half  an  inch  or  .so,  depending  upon  the  thickness 
of  the  .stock.  Half  f)f  each  split  edge  is  bent  up,  the  other  down,  the 
pieces  are  driven  tightly  together  and 
the  split  parts  closed  down  on  each 
other  as  shown  in  Fig.  28.  The  joint 
is  then  heated  and  welded.  This  is  a 
weld  sometimes  used  for  welding 
.spring  steel,  or  tool  steel. 

Cleft  or  Split  Weld  for  Heavy 
Stock.  Heavy  .stock  is  .sometimes 
wcKled  by  nsing  a  scarf  of  the  shape 
.shown  in  Fig.  21).  One  piece  is  split 
and  .shaped  into  a  "Y"  while  the  other  . 
has  its  end  brought  to  a  blunt  jwinl. 
^Yhen  properly  shaped,  the  pieces  are 
heated  to  the  welding  heat  and  driven 
together.  The  ends  of  the  "Y"  are 
then  closed  down  over  the  other  piece 
and  the  weld  completed.  A  second 
heat  is  sometimes  taken  to  do  this. 
Tliis  weld  is  often  used  when  joining 
tool  steel  to  iron  or  machine  steel. 
Sometimes  the  pieces  are  placed  to- 
gether before  taking  the  welding  heat. 
Angle  Weld.  In  all  welding  it 
should  be  remembered  that  the  object  of  the  scarfing  is  to  so  shape 
the  pieces  to  be  welded  that  they  will  fit  togetlier  and  form  a 
smooth  joint  when  properly  hammered.  Frecjuently  there  are  sev- 
eral eciually  good  methods  of  scarfing  for  the  same  sort  of  a  weld, 
and  it  should  be  remembered  that  the  method  given  here  is  not 
necessarily  the  only  way  in  which  that  particular  weld  may  he 
made.  Fig.  30  shows  one  way  of  scarfing  for  a  right  angled  weld 
made  of  flat   iron.      Both    pieces    are    scarfed   e.xactly  alike,    the 
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scarfing  Iwing  done  by  the  pene  end  of  the  hammer.     If  necessary, 
the  ends  of  the  pieces  may  be  upset  before  scarfing.     Care  should 


Fig.  30. 


Fig.  31. 


be  ii.sed  here  as  in  other  welds  to  see  that  the  pieces  touch  first  in  the 
center  of  the  scarf,  otherwise  a  pocket  will  be  formed  which  will 
retain  the  scale  and  spoil  the  weld. 

T=Weld.  A  method  of  scarfing  for  a  T-weld  is  illustrated  in 
Fig.  31.  The  stem  A  should  be  placed  on  the  bar  B,  when  welding, 
in  about  the  position  shown  by  the  dotted  line. 

T=Weld  Round  Stock.  Two  methods  of  scarfing  for  a  T-weltl 
made  from  round  stock  are  shown  in  Fig.  32.  The  scarfs  are  formed 
mostly  with  the  pene  end  of  the  hammer.  The  illustration  will  ex- 
plain itself.     The  stock  should  be  well  upset  in  either  method. 

Welding  Tool  Steel.  The  general  method  of  scarfing  is  the 
same  in  all  welding  but  greater  care  must  be  used  in  heating  when 
welding  tool  steel.  The  flu.x  used  for  welding  tool  steel  should  be 
the  salammoniac  and  borax  mixture  mentioned  before.  Sprint 
steel  or  low  carbon  steel  may  be  satisfactorily  welded  if  care  is  used. 
To  weld  steel  successfully  the  following  precautions  should  be  ob- 
served. Clean  the  fire  of  all  cinders  and  ashes.  Put  sufficient  coal 
upon  the  fire  so  that  it  will  be  unnecessary  to  add  more  coal  while 
taking  the  weldmg  heat.  Upset  both  pieces  near  the  end  and  scarf 
carefully.  'NMien  possible,  punch  a  hole  and  rivet  the  two  pieces 
togetJier.  Heat  the  steel  to  a  full  red  heat  and  sprinlde  with  borax. 
Replace  in  the  fire  and  raise  to  the  welding  heat.  Clean  the  scarfed 
surface  and  strike  lightly  at  first,  followed  by  heavier  blows.  The 
appearance    of  steel  when  at  a  welding  heat  is  a  pale  straw  color. 


22 


FORGING 


iM 


Lj> 


Always   avoid   a  weld  of  \\\^h   carbon  steel   alone,  when  possiijie. 

Steel  may  also  be  welded  to  wrou};lit  iron.     Tlii\  is  done  in  the 

iianufactiiring  of  edged  tools.     The  Ixxly  of  the  tool  is  of  iron,  to 

which  a  jiiece  of  steel  is  welded  to  form  the  cutting  edge.     This  class 

of  work  is  best  done  with  a  fire 
of  anthracite  coal,  though  coke 
or  charcoal  may  he  used.  'J'hc 
fire  should  be  burning  brightly 
when  the  heating  is  done.  Lay 
the  iron  and  steel  on  the  coal  un- 
til they  are  red  hot.  Then 
sprinkle  the  surfaces  of  botii 
with  the  flux  and  let  it  vitrify. 
A  convenient  method  of  doing 
this  is  to  have  the  powdereil 
flux  (borax  preferred)  in  a  |)cpper  pot.  As  soon  as  the  heat  has 
changed  the  metals  to  a  straw  color  lay  them  together  and  strike. 
A  single  blow  of  a  drop  hammer,  or  four  or  five  with  a  light  sledge 
will  do  the  work.  He  sure  that  these  jiieces  arc  well  covered  with  a 
flu.x  l>efore  attempting  to  weld. 

CALCULATION  OF  STOCK  FOR  BENT  SHAPES. 

It  is  always  convenient  and  fretjuently  necessary  to  know  the  exact 
amour>tof  stock  ref|uired  to  make  ;i  c'ven  ])iece  of  work.    There  are  four 


!■  ii:   :« 


^^ 


Fis  :{3. 


]-is.  34. 


general  methods  jscd  for  determining  this.  The  first  anil  most  accurate 
method,  if  it  can  be  used  conveniently,  is  mathematical  calculation. 
Taking  as  an  example  the  l)ent  piece  illustrated  in  Fig.  33.     If  the  out- 
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-i.Ieofthisbe measured,  it  would  seem  as  though  16  inches  of  stock  were 
>-«]uired.  If  the  inside  be  measured,  14  indies  would  seem  the  prop- 
er amount.  It  lias  been  found  bv  experiment  that  if  a  piece  of 
straifiht  stocii  be  taken  and  a  line  drawTi  on  it  through  the.center,  and 
diis  piece  of  stock  then  be  bent  and  the  lengths  of  the  inside,  center, 
and  outside  lines  be  measured,  the  outside  line  will  lengthen  con- 
siderably as  the  piece  is  bent.  The  inside  line  wUl  shorten 
correspondingly,  while  the  center  line  will  remain  comparatively 
unaltered  in  length.  This  is  universally  true,  and  the  proper  length 
of  stock  required  for  making  any  bent  shape  may  always  be  obtained 
by  measuring  the  center  line  of  the  curve  or  bend.  To  return  to 
the  first  example:  In  this  case,  if  the  center  line  of  the  stock  be 
measured,  7V  inches  will  be  the  length  for  each  leg,  thus  making  a 
total  of  15  inches  of  stock  required  to  make  that  particular  bend. 
This  is  a  universal  rule  which  should  always  be  followed  when  meas- 
uring stock,  to  take  the  length  of  the  center  line. 

Circles.     On  circles  and  parts  of  circles  the  length  of  stock  mav 

be  easily  calculated.     The  circumference,  or  distance  around  a  circle. 

is  found  by  multiplying  the  diameter 

y^^T^iZr^ ^>^        by   31  or,   more    accurately,    3.  1416. 

\\f~pH.  ~^\\      ^^  ^"  illustration,  the  stock  necessary 

fvVf^LLl '^J/      t°  ^*^"*^  up~the  ring  in  Fig.  34,  would 

l^'H       J  t'-^i      ^^  calculated  as  follows:     The  inside 

L-  •  ' =-  4" ■■ J      diameter  of  the  ring  is  six  inches  and 

Fig.  35.  the   stock    is    one    inch    thick.     This 

would  make  the  diameter  of  the  circle 
made  by  the  center  line,  shown  by  C,  which  may  be  called  the  Cal- 
culating Diameter,  seven  inches,  aiid  the  length  of  stock  required 
would  be  7  X  Z\  or  22  inches. 

Link.  A  combination  of  circle  and  straight  lines  is  illustrated 
in  Fig.  3.5.  This  link  may  be  divided  into  two  semicircles  at  the 
end,  with  two  straight  pieces  at  the  sides.  The  outside  diameter 
of  the  ends  being  two  inches,  would  leave  the  straight  sides  each  two 
inches  long.  The  calculaHiKj  diameter  for  the  ends  would  be  1 J 
inches.  The  total  length  of  stock  then  required  for  the  ends  would 
beliX3i=4|  or  approximately  4i^  inches.  As  each  of  the 
straight  ;'ides  will  take  two  inches  of  stock,  tiie  total  length  required 
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would  1)6  4"  +  4|J"  =  8[ ',  inches  With  a  slight  allowance  for 
welding,  the  amount  cut  should  he  SJ".  Another  method  of  meas- 
uring stock  is  by  using  a  measuring  wheel  such  as  is  shown  in  Fig.  36. 
This  is  simply  a  light  running  wheel  mounted  on 
a  handle  with  some  sort  of  a  pointer  attacJied. 
The  wheel  is  sometimes  made  with  a  circum- 
ference of  24  inches  and  the  rim  graduated  in 
inches  and  eights.  To  n.se  it,  the  wheel  is  placed 
lightly  in  contact  with  the  line  or  object  which  it 
is  wished  to  measure,  with  the  zero  mark  on  the 
wheel  corresponding  to  the  point  from  wliiili 
the  measurement  is  started.  The  wheel  is  then 
pushed  along  the  surface  following  the  line  to 
l)e  measured,  with  just  enough  pressure  to  cause 
it  to  revolve.  By  counting  the  revolutions  and 
parts  of  a  revolution  made  by  the  wheel,  the  re- 
C|uired  distance  mav  be  easily  measured. 

Scrolls  and  Irregular  Shapes  may  be  measured  by  either  of  two 
methods.  The  connnoner  way  is  to  lay  the  scroll  or  shape  off  full 
size  and  measure  the  length  by  laying  on  this  full  sized  drawing  a 
.string  or  thin  piece  of  wire,  causing  the  string  or  wire  to  follow  the 
center  line  of  the  bent  stock.  The  wire  or  string  is  then  straightened 
and  the  length  measured.  This  is  about  the  easiest  and  best  way  of 
measuring  work  of  this  character.  Another  method  which  is  more 
practical  in  the  drafting  room,  consists  of  using  a  pair  of  dividers. 
The  points  of  the  dividers  are  set  fairly  close  together  and  tlie  center 
line  is  then  stepped  off  and  the  number  of  steps  counted.  "J'he  same 
number  of  spaces  are  then  laid  off  alt)ng  a  straight  line  an<l  the  length 
measured. 

FORQINa  OPERATIONS. 

Shaping.  After  the  metal  has  been  heated  it  is  shaped  with  the 
hammer.  This  shaping  may  consist  of  drawing,  upsetting  or 
bending.  In  drawing  a  bar  of  iron  it  is  made  longer  and  of  a  smaller 
diameter.  Upsetting  consists  of  .shortening  the  bar  with  a  corre- 
sponding increase  of  diameter.  This  work  is  usually  done  with  a 
helper  using  a  slerlge  hammer;  the  smith  using  a  light  hand  hammer. 
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1  Ley  strike  alternate  blows.  The  hdper  must  watch  the  point  upon 
whieh  the  smitli  strikes  and  strike  in  tlic  same  place.  AVherc  two 
helpers  are  employed  the  smith  strikes  after  each  man.  A  blow  on 
the  anvil  by  the  smith  is  a  sijjnal  to  stop  .striking. 

Finishing.     As   the   hanmier   usually   mal-ks    the   metal    it   is 
customary  to  leave  the  metal  a  little  full  and  finish  by  the  use  of 

flatters  and  swages.  This 
applies  to  work  that  has 
been  shaped  u  n  d  e  r  the 
sledge.  Light  work  can  be 
dressed  smoothly,  and  the 
hammer  can  be  made  to  ob- 
literate its  own  marks. 
Drawing  Out.  In  draw- 
....  i  n  g  o  u  t  as  well  as  in  all 

other  forgnig  operations  ^^•here  heavy  work  is  to  be  done,  it  is  always 
best  to  heat  the  work  to  as  high  a  temperature  as  the  metal  will  stand 
without  mjury.  Work  can  sometimes  be  dra^ra  out  much  faster  In- 
working  over  the  horn  of  the  an^•il  than  on  the  face,  the  rea.son  bein"c. 
this:  '^A  hen  a  piece  of  work  is  hammered  on  the  anvil  face  it  flattens 
out  and  spreads  nearly  as  much  in  width  as  it  does  in  length,  working 
It  out  longer  and  wider.  As  the  piece  is  not  wante.I  wider  but  merelv 
longer,  all  the  work  .spent 
in  increasing  the  width  of 
the  stock  is  wasted.  If  the 
hammering  is  done  over  the 
horn  of  die  anvil  as  illus- 
trated in  Fig.  37,  the  round 


Fig.  37. 


Fig.  ;is. 


ed  horn  acts  as  a  blunt  wedge,  forcing  the  metal  lengthwise  and  thus 
utilizes  almost  the  entire  energy  of  a  blow  in  stretching  the  metal 
in  the  desired  direction.  Fullers  are  also  used  to  serve  the  same 
purpose  and  when  working  under  the  steam  hammer  a  round  bar 
sometimes  takes  the  place  of  the  fuller  or  horn  of  the  anvil 

Drawing  Out  and  Pointing  Round  Stock.  Wien  drawmg  out 
or  pointing  round  stock,  it  should  alwavs  first  be  forged  down  scpi-e 
to  the  ref|uired  size  and  then  in  as  few  blows  as  possible,  rounded  up 
*ig.  38  illustrates,  in  a  general  way,  the  different  steps  in  drawin- 
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down  a  rourKl  bar  from  a  large  to  a  smaller  size,  the  first  step  being 
to  hammer  it  down  s(|iiare  as  at  B.  This  square  shape  is  then  made 
octagonal  as  at  C  and  the  octagon  is  finally  rounded  up  as  at  D.  If 
an  attempt  be  made  to  hanniier  the  bar  by  pounding  it  roinid  and 

round  without  the  preliminary 
squaring,  the  bar  is  very  liable 
to  split  through  the  center,  the 
action  being  a  good  deal  as  il- 
lustrated in  Fig.  30,  the  effect 
of  the  blow  coming  as  shown 
by  the  arrows  A.  The  metal 
is  s(|neezed  togetlier  in  tliis  direction  and  forced  apart  in  the  di- 
rection at  right  angles  as  indicated  by  the  arrows  R.  Then  if  the 
piece  be  slightly  rolled  for  another  blow,  the  sides  will  roll  by 
each  other,  and  cracks  and  splits  will  sooner  or  later  develop,  leaving 
thc'bar,  if  it  shoidd  be  sawed  through  the  center,  in  a  good  deal  the 
shajje  shown  in  Fig.  40.  Particular  care  should  be  taken  in  making 
conical  points  as  it  is  almr)st  impossible  to  work  stock  down  to  a  round 
point  unless  the  point  be  first  forged  down  to  a  sfjuare  or  pyramidal 
shape. 


Fig.  to. 


Fig.  41. 


Fig.  42. 


Truing  Up  Work.  In  drawing  out  it  often  happens  that  the 
bar  becomes  worked  into  an  irregular  or  diamond  .shaj)e,  similar  to 
the  section  shown  in  Fig.  41.  To  remedy  this,  and  square  up  the 
bad  corners,  the  bar  should  be  laid  across  the  anvil  and  worked 
much  as  shown  in  Fig.  42,  the  blows  coming  in  the  direction  indicated 
by  the  arrow.  Just  as  the  hammer  strikes  the  work  it  should  be 
given  a  sort  of  sliding  motion.  No  attempt  should  be  made  to  square 
np  a  corner  by  .striking  squarely  down  upon  the  work.  The  hammer- 
ing should  all  be  done  in  such  a  way  as  to  force  the  metal  back  into 
the  bar  and  awav  from  the  high  corner. 


294 


FORGIXG 


27 


Upsetting.  When  a  piece  is  worked  in  such  a  way  that  its 
len-th  is  shortened  and  either  or  I)oth  its  thickness  and  "width  in- 
creased, the  piece  is  said  to  be  upset  and  tlie  operation  is  known  as 
upscttni.;.  There  are  several  methods  of  upsettin-  flie  one  used 
depen.in.jr  iarffely  upon  the  shape  of  tiie  work.     In  short  pieces  the 

«ork  is  generally  stood  on  end 
on  the  anvil,  the  hammering  be- 
ing done  directly  down  upon  the 
upper  end.  The  work  should 
always  be  kept  straight,  and  as 
soon  as  a  bend  or  kink  is  started, 
it  should  be  straightened  out. 
^Mien  a  long  piece  is  to  be  up- 
set it  is  generally  swung  back 
aufl  forth  horizontally  and  the 
iijxsetting  done  by  ramming  the 
end  against  the  anvil.  The  effect 
of  the  blow  has  a  decided  influence  upon  the  shape  of  the  upset 
piece,  as  shown  by  the  sketches  of  the  two  rivets  in  Fig.  43.  Lio-ht 
blows  affect  the  metal  for  a  short  distance  onlv,  as  shown  by  the 
swelled  out  end,  while  the  effect  of  heavier  blows  is  felt  more' uni- 
formly throughout  the  entire  length. 

JMien  rivets  are  to  be  driven  to  fill  holes  tightly,  the  blows  should 
be  heavy,  thus  upsetting  the  rivet  tightlv  into  the  holes.  If  a  rivet 
IS  wanted  to  hold  two  pieces  together  in  such  a  way  that  they  may 
move,  as  for  instance  the  ri\et  '  " 

in  a  pair  of  tongs,  the  head 
should  be  formed  with  light 
blows,  thus  working  only  the 
end  of  the  rivet.     The  part 


Fi-.  i-.i. 


Fig.  44. 


of  the  work  which  is  heated  to  the  highest  temperature  is  the 
part  which  will  be  most  upset,  and  when  upsetting  is  wished  at 
one  point  only,  that.point  should  be  heated  to  the  highest  temperature, 
leaving  die  other  parts  of  the  bar  as  cold  as  possible.  Upsettin.^  lon<^ 
pieces  IS  sometimes  done  by  raising  the  piece  and  allo^^^ng  it  to" drop 
on  a  heavy  cast-iron  plate  set  in  the  floor.  These  plates  are  knovra 
as  up.5etting  plates. 


295 


28 


FORGING 


Punching.  Two  kinds  of  piinclies  arc  commonly  used  for 
makini;  holes  in  hot  metal;  the  .strai<;ht  hand  pimch  used  with  a 
hand  hammer  and  the  one  used  for  heavier  stock,  provided  with  a 
handle  and  use<l  witli  a  sledjje  hannner.     Punches  should  of  course 

be  made  of  tool  steel.  For 
punching  small  holes  in  thin 
ircn  a  hand  punch  is  ordinar- 
ily useil.  Tliis  is  a  Kar  of 
rountl  or  octagonal  steel,  eight 
or  ten  inches  in  length,  with 
the  end  forged  down  tapering 
p-,   ,.  to  the  same  shape,  l)Ut  sliglit- 

ly  smaller  than  the  hole  to  lie 
punched,  .'^ucli  a  punch  for  round  holes  is  .shown  in  Fig.  44.  The 
end  of  the  punch  sliould  he  perfectly  .stpiarc  across,  not  at  all 
rounding.  For  heavier  and  faster  work  with  a  helper,  a  punch  simi- 
lar to  Fig.  45  is  n.sed,  the  smKing  being  done  with  a  sledge  hammer. 
Fig.  4(i  illustrates  the  successive  steps  in  pimching  a  clean  hole 
tlirough  a  piece  of  hot  iron.  The  work  is  first  laid  flat  on  the  anvil 
and  the  punch  tlriven  about  half  way  through  as  shown  at  A.  This 
compre-s.ses  the  metal  directly  underneath  the  end  of  the  pimch  and 


Fig.  46. 


raises  a  slight  bulge  on  the  opposite  side  of  the  bar.  The  piece  i> 
then  turned  over  and  the  punch  driven  into  the  bar  from  this  side 
(the  hole  being  located  by  the  bulge)  while  the  bar  is  lying  flat  or^ 
the  an\-il.  The  punch  should  be  driven  about  half  of  the  way  through, 
leading  the  work  as  at  C.  The  bar  is  then  moved  over  the  smal 
round  hole  in  the  end  of  the  anvil,  or  is  placed  on  some  object  having 
a  hole  slightly  larger  than  the  hole  to  be  punched,  and  the  puncl. 
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driven  dear  tlirough,  ilriving  out  the  small  piece  A  and  leaving  the 
hole  as  shown  at  T).  It  would  seem  easier  to  drive  the  punch  com- 
pletely through  the  work  from  one  side.  If  this  were  done,  liowever, 
the  hole  woukl  be  left  as  sho\\ni  at  E,  one  side  would  be  rounded  in, 
and  the  other  side  would  be  bulged  out,  while  the  hole  would  have 
a  decided  taper,  being  larger  at  the  end  from  which  the  punching 
was  done.  If  the  piece  be  thick,  after  the  hole  is  started,  a  little 
powdered  coal  is  put  in  and  the  punching  continued.  The  coal 
prevents  the  punch  from  sticking  to  some  extent. 

Ring  and  Eye  Bending.    In 


Fig.  47. 


making  a  ring  or  eye  the  first 
step  is  of  course,  to  calculate  the 
amount  of  stock  requireil.  In 
making  oi-dinary  rings  four  or 
five  inches  in  diameter,  the  stock 


should  be  heated  for  about  half  its  length.  In  starting  the  bend,  the 
extreme  end  of  the  piece  is  first  bent  by  placing  the  bar  across  the  horn 
of  the  anvil  and  bending  it  down  as  illustrated  in  Fig.  47.  The  bar  is 
tlien  pushed  ahead  and  bent  dowii  as  it  is  fed  forward.  The  blows 
should  not  come  directly  on  top  of  the  horn  but  fall  outside  of  the  point 
of  support  as  illustrated.  This  bends  the  iron  and  does  not  hammer 
it  out  of  shape.     One-half  of  the  circle  is  bent  in  this  way,  the  stock 


1st. 


^^ 


Fig.  49. 

turned  end  for  end,  the  other  end  heated,  and  the  second  half  bent 
in  the  same  way  as  the  first,  the  bending  being  started  from  the 
end  as  before. 

Eye  bending  is  done  in  a  somewhat  d^fferent  manner.  Suppose 
it  be  required  to  bend  up  an  eye  as  shown  in  Fig.  48.  To  calculate 
the  amoimt  of  stock  required:    The  diameter  in  this  case  to  be  used 
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is  two  inches,  and  the  amount  of  stock  required  2"X3,"  =  6f",  or 
practically  fi's".  This  distance  is  laid  off  hy  niakin<i;  a  chalk  mark 
on  the  anvil  (i  J"  from  the  end.  The  iron  is  heated  :md  placed  against 
the  anvil  with  one  end  on  tlie  chalk  mark  and  the  other  end  extend- 
ing over  the  end  of  the  anvil.  The  hand  hammer  is  then  held  on  the 
har  with  one  edge  at  the  edge  of  the  anvil, 
thus  measuring  off  the  recpiiretl  distance  on 
the  bar.  Still  holding  the  hammer  on  the 
har  the  piece  is  laid  across  the  anvil,  with 
the  edge  of  the  hammer  even  with  the  edge 
of  the  anvil  and  the  fij  inches  extending  over 
the  edge  or  corner.  This  piece  is  then  hent 
down  into  a  right  angle  as  .shown  in  the  first 
illustration  of  Fig.  40.  The  eye  is  hent  in 
much  the  same  manner  as  the  ring,  except 
that  all  the  liending  is  done  from  one  end,  the  successive  steps 
being  .shown  in  the  illustration.  Small  eyes  are  closed  tip  in  tlie 
manner  shown  in  Fig.  .">0. 

Bend  with  Square  Forged  Corner,      brackets  and  otlier  forg- 


FiK.  iO. 


Fig.  .51. 

ings  are  frequently  made  with  the  outside  corner  square  and  sharp, 
as  sho'mi  at  C,  Fig.  51.  This  may  be  done  in  either  of  two  ways;  hy 
the  first  method  the  comer  is  bent  from  the  size  of  stock  required 
for  the  sides,  being  first  bent  to  the  shape  of  A.    This  corner  is  then 
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square.1  l.y  upseftin^^  the  ,„etal  at  the  hen.l,  the  blows  cominR  as 
shewn  l.y  the  arrows  at  H.  The  work  slionld  rest  on  the  anvil  f  u-e 
and  not  over  one  corner,  wliile  being  hamnierccl. 

'rhe  second  method  is  to  use  thicker  stock  and  draw  out  the 
en,ls  leanng  a  hun.p,  shown  at  D,  where  the  outsi.ie  corner  of  the 


bend  .s  to  c-on,e.  The  dotte.l  lines  s],ow  the  original  shape  of  the 
bar;  the  soh.l  lines  the  shaj>e  before  bending.  Sometimes  stock  is 
taken  of  the  s.ze  used  iu  the  first  method  and  upset  to  form  tiie  rid-^e 
in  place  of  drawing  out  the  heaner  stock.  "^  ' 

The  first  method  is  the  one  more  conunonly  used  on  medium 
sized  work. 

SIMPLE  FORGING. 

Twisted  Gate  Hook.  It  should  be  understood  that  the  descrip- 
tion given  here  will  serve  not  only  as  a  description  of  the  jmrticular 
piece  m  question  but  also  as  a  general  description  of  a  variety  of 


D: 


Fig.  5.3.  Fig   ,j 

similarly  shaped  forgings.     The  methods  used  mav  be  emploved 
on  other  forgings  of  the  same  general  shape. 

Fig.  52  shows  a  twisted  g  tte  hook.  To  start  ^^•ith,  it  is  necessary 
0  determine  e.xactly  what  lengths  the  different  parts  of  the  hook  will 
ia\e  after  they  are  forged  to  dimensions,  and  before  thev  are  bent 
to  shape.     Before  bending,  the  work  is  first  drawn  down' to  size  as 
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is  indicated.  Tlie  bar  is  left  .s([iuire  in  tlic  tenter  for  the  central 
part,  and  each  end  is  drawn  to  one-((uarter  inch  round  to  form  the 
iiook  and  eye  ends.  The  length  of  stock  after  being  drawn  out  to 
}"  round  required  to  make  the  eye,  is  2^  inches.  Allowing  about 
one-quarter  of  an  inch  for  the  straight  part  before  the  eye  is  reached 
would  make  the  total  amount  of  stock  required  for  the  eye  2f  inches. 
To  obtain  the  amoinit  of  stock  for  the  hook  it  is  necessary  to  lay  off 
the  hook  full  size.  If  the  drawing  be  full  sized  the  measuring  may 
be  done  directly  on  the  flrawing,  but  if  not,  a  rough  sketch  having 
the  proper  dimensions  .should  be  laid  off  and  the  measuring  done  on 
that,  the  measuring  of  course  being  done  along  the  dotted  center 
line.  This  measuring  is  done  by  simply  laying  a  string  on  the  dotted 
line,  then  straightening  out  the  string  and  measuring  its  length.  In 
this  way  it  will  lie  found  that  2}  inches  is  required  by  the  hook.  The 
first  step  is  then  to  forge  the  work  into  the  shape  .shown  in  Fig.  .'52. 
Forming  Shoulders.  The  shoulder 
where  the  round  stock  joins  the  sfjuare 
should  be  forged  in  the  manner  indicated 
in  Fig.  5.'3.  The  bar  is  laid  acro.ss  the 
anvil  with  the  point  where  tlie  .shoulder 
is  wi.shed,  lying  rlirectly  on  the  corner  of 
the  anvil.  The  set  hammer  is  then  placed 
Pi„  35  on  top  of  the  work  in  such  a  way  that  the 

edge  of  the  set  hammer  comes  directly  in 
line  with  the  edge  of  the  anvil.  The  set  hammer  is  then  driven  into 
the  work  with  a  sledge  hammer.  The  bar  should  be  turned  continu- 
ally or  an  uneven  shoulder  will  be  the  result.  If  a  shoulder  is 
wanted  on  one  .side  only,  as  illu.strated  in  Fig.  54,  it  should  be 
worked  in  as  indicated  tliere.  That  is,  one  side  of  the  iron  .should  lie 
flat  on  the  an\nl  face  while  the  .set  hammer  works  down  the  metal  ne.\t 
to  the  shoulder. 

After  the  two  ends  of  the  hook  are  drawn  out,  the  eye  and  the 
hook  are  bent  up  into  .shape.  The  twist  in  the  center  of  the  hook 
may  be  made  by  using  either  two  pairs  cf  tongs  or  twisting  in  a  vise. 
By  the  latter  method  a  mark  is  first  made  on  the  vi.se  in  such  a  way  that  ' 
when  the  end  of  the  hook  is  placed  even  with  the  mark,  the  edge  of 
the  vise  will  come  at  the  end  of  the  point  where  the  twist  is  wanted.  , 
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Fig.  56. 


The  hook  should  be  heated  and  placed  in  the  vise,  tiie  other  end 
being  grasi)ed  l)y  a  pair  of  tongs  in  sncJi  a  way  that  the  distance 
l)et\\een  tlie  tongs  and  the  vise  is  just  equal  in  length  to  the  twi.st. 
The  twist  is  made  by  simply  revolving  the  tongs  around.  In  mak- 
ing a  twist  of  tliis  kind,  no  al- 
lowance need  be  made  in 
length,  as  it  practically  has  no 
effect  on  the  length  of  the 
stock. 

Eye  Bolts  are  made  by  two 
general  methods,  being  either 
solid  or  welded.  The  solid 
eye  bolt  is  much  the  stronger. 
A  solid  eye  i)olt,  or  forged 
eye,  as  it  is  sometimes  called, 
may  be  started  in  the  general 
manner  illustrated  in  Fig.  55. 
A  nick  is  made  on  either 
side  of  a  flat  bar  l)y  using  top  and  bottom  fullers  as  illustrated.  The 
end  is  then  rounded  up  as  shown  in  Fig.  .56.  Particular  attention 
should  be  given  to  seeing  that  the  eye  is  forged  as  nearly  to  a  perfect 
circle  as  possible  before  any  punching  is  done.  The  stock  arbinid 
the  eye  is  roimded  up  over  the  horn  of  the  anvil,  by  swinging  it  back 
and  forth  as  it  is  hammered. 
The  hole  when  first  punched  is 
like  B,  but  when  finished  shotdd 
l)e  like  C.  The  other  end  of  the 
liar  is  then  drawn  down  to  form 
the  round  shank.  If  a  very  long 
shank  is  wanted  a  short  stub 
shank  may  lie  formed  and  a 
round  bar  of  the  proper  size  welded  on. 

A\  elded  eye  bolts  may  be  made  in  two  different  ways.  The  easier 
method  prorluces  an  eye  shaped  as  in  Fig.  57.  To  make  such  a  bolt, 
first  scarf  the  end  so  that  it  will  fit  over  the  bend  of  the  rod  along  the 
dotted  I'neo  b.  Bend  theeye  over  the  hornof  theanvil.  Finally  l)ring  to 
a  welding  heat  and  weld  in  accordance  with  instructions  already  given. 


Fig.  .57 
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An  eve  of  hetter  api^earanre,  as  sliown  in  Fig.  oS,  is  matic  as  fol- 
lows:    ri>sct  tlK-  IxmIv  uf  llu-  iiH-tal  as  a  srat  for  tin-  scarf  at  tli.-  ciw!, 


shown  at  a.  Fig.  ')S.     Scarf  flic  cm!  of  the  bar  and  l.cnd  over  the  horn 
of  the  anvil  into  a  true  circle  to  fit  tlic  scat  at  a,  and  tlicn  weld  as 

before. 

'i'he  length  of  metal  retiuircd  for  an  eye  or  ring  is  nearly  e(iiiiil 
to  the  length  of  the  circumference  of  a  circle  who.se  diameter  is  ei|ual 
to  the  mean  diameter  of  the  ring.  'I'hus  in 
Fig.  58  the  length  required  for  the  eye  will  l)e 
approximately  the  length  of  die  circle  a  h  c  h 
whose  diameter  is  a  c. 

Chain  Hooks.  These  arc  made  in  a  vari- 
etv  of  shapes  and  with  solid  or  welded  eyes, 
tlic  general  method  of  making  the  eyes  being 
e.xactlv  a-s  described  before  under  "Eye  Bolts". 
A  common  .shape  is  .shown  in  Fig.  59.  The 
stock  is  forged  into  .shape  similar  to  Fig.  60 
before  being  bent.  To  determine  the  length  A  the  drawing  is  meas- 
ured in  the  same  way  as  described  in  making  the  gate  hook.  The 
weake-st  point  in  mcst  hooks  is  the  part  lying  between  tlie  lines  marked 
X  a;  in  Fig.  59.  This  part  of  the 
hook  should  be  heavier  and  stronger 
than  the  other  parts,  ^^^len  a  strain 
is  put  on  the  hook,  there  is  always 
a  tendency  to  straighten  out  or  to 
assume  the  .shape  shown  by  the  dotted  lines.  When  forging  the 
hook  into  shape,  the  dimension  B,  Fig.  GO,  should  be  made  such  that 
the  heaviest  part  of  the  hook  comes  in  this  weakest  point.  After  the 
hook  is  entirelv  forged  to  .size,  it  shoidd  be  bent  into  shape.     Hooks 


Fig.  .50. 


Fig.  r.o. 
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are  alsd  made  t'loiii  rouiul  and  square  iron.  AVhen  made  for  liook- 
iiij;  <>\er  a  link,  and  so  shaped  tliat  the  tliroat  or  opening  i.s  just 
large  enongh  to  slip  ea.sily  over  a 
link  edgewise,  but  too  narrow  to 
slip  oti'  of  this  link  down  to  the  one 
wliich,  of  course,  is  turned  at  right 
angles,  the  hook  is  known  as  a  gral) 
hook. 

Hoisting  Hooks.  A  widely  ac- 
cepted shape  for  hooks  of  this  char- 
acter used  on  cranes  is  shown  on 
F'ig.  Gl.  The  .shape  and  formulae 
for  the  dimensions  are  given  by  Mr. 
Flenry  R.  Town  in  his  "Treatise  on 
Cranes".  T=AVorkingload  in  tons 
of  2,000  lbs.  A  =  Diameter  o  f 
round  stock,  in  inches,  used  to  form 
the  hook.  The  size  of  stock  required  for  a  hook  to  carry  any  par- 
ticular load  is  given  below.  The  loaf!  for  which  the  hook  is  designed 
is  given  in  the  upper  line,  the  lower  line  gives  the  size  of  the  stock  to 
be  used  in  making  the  hook. 

T=     i     J     I     1     U     2     3     4     5     6     8     10 

A    _        3      113    11      11      13    13      0     Ol    01    07     Ol 

The  iitlier  dimensions  f)f  the  hook  are  found  by  the  following  for- 
mulae, all  of  the  dimensions  being  given  in  inches. 

D  =  ..5     T  +  1.25  I  =  1.33  A 

E  =  .64  T  +  1.6  .T  =  1.2    A 

F  =  .33  T  +  .85  K  =  1.13  A 

G  =  .75  D  L  =  1.05  A 

O  =  .363T  +  .60  C  =  1.25  A 

Q  =  .64  T    +  1.6  N  =  .85  B  -  .16 

H  =  1.08  A,  B  =  .875  A  V  =  .866 A 

To  illustrate  the  use  of  the  table,  suppose  it  be  requireti  to 
make  a  hook  to  rai.se  a  load  of  500  lbs.  or  one-cpiarter  of  a  ton.  In 
the  line  marked  "T"  is  found  the  load  J.     Directlv  below  are  figures 
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14  showing  the  size  of  stock  to  be  used.     The  dimensions  of  the  hook 
will  be  found  as  follows: 

D  =  .5     X   i  +  1.25"  =  If. 

E  =  .64   X  i  +  1.6"     =  If  about.         Etc. 

I  =  1..33  A  =  1.33  X  IJ  =  .915  or  about  U". 
Wlicn  reducing  the  tlecimals  the  dimensions  which  have  to  do  only 
with  the  bending  of  the  hook,  i.e.,  the  opening,  length,  the  length  of 
point,  etc.,  may  be  taken  to  the  nearest  16th,  but  the  dimensions 
through  the  body  of  the  hook  or  stock  should  be  reduced  to  the  near- 
est 32nd  on  small  hooks.  The  completed  dimensions  of  the  hook 
in  question,  .500  lbs.  capacity,  would  be  as  follows: 
D  =  1|"  I  =  |S" 

E  =  If  J  =  {]" 

F  =  H"  K  =  II" 

0=1"  L  =  II" 

O  =  f  M  =  il" 

Q  =  ir  l^  =  tV 

H  =  r 

Bolts.  Bolts  are  made  by  two  methods,  the  head  being  made 
by  either  upsetting  or  welding.  The  first  method  is  more  common 
on  small  bolts  and  machine  made  bolts.  The  welded  head  is  more 
commonly  used  for  heavy,  hand  forged  bolts.  The  upset  head  i.s 
the  stronger  provided  both  are  equally 
well  made.  The  size  of  the  bolt  is 
always  given  as  the  diameter  and 
length  of  shank  or  stem.  Thus  a  bolt 
known  as  V'  X  6",  or  V'  bolt  6"  long, 
would  mean  a  bolt  having  a  shank  i" 
in  diameter  and  6"  long  from  the 
under  side  of  the  head  to  the  end  of 
the  stem,  ha\nng  the  dimensions  of  the 
bolt  showTi  in  Fig.  62.  The  dimen- 
sions of  the  bolt  heads  are  always  the  same  for  the  same  sized  bolt, 
and  are  determined  from  the  diameter  of  the  shank.  The  diameter 
of  the  head,  shown  at  D,  Fig.  62,  is  the  distance  across  the  head  from 
flat  side  to  flat  side,  and  is  known  as   the  diameter  across  fhc  flats. 
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The  thickness  of  the  head  is  taken,  as  shown  at  T.  If  S  etiuals  the 
diameter  of  the  sliank  of  the  holt,  tlie  (limensioiis  of  tiie  head  would 
be  as  follows: 

D  =  IV  X  S  +  J/ 
T=  S 
For  a  two-inch  bolt  the  dimensions  would  be  as  follows: 

Diameter  of  head  U  X  2"  +  |"  =  3^* 

The  thickness  of  head  would  be  equal  to  diamete'-  of  the  sliank, 
or  2".  These  dimensions  are  for  rough  or  unfinished  heads.  Each 
dimension  of  a  finished  head  is  y'j  of  an   inch  less  than  the  same 


Fig,  63. 

dimension  of  a  rough  head.  Bolts  generally  have  the  top  corners 
of  the  head  rounded  or  chamfered  off.  This  may  be  done  wth  a 
hand  hammer;  or  a  cupping  tool,  wliich  is  simply  a  set  hammer 
witii  the  bottom  face  hollowed  out  into  a  cup  shape,  may  be  used. 

Upset  Head  Bolts.  The  general  method  of  making  bolts  of 
this  kind,  when  a  single  bolt  is  wanted,  is  described  below.  The  method 
of  upsetting  is  shown  in  Fig.  64. 

^^'here  large  quantities  of  bolts  are  to  be  made,  the  bars  are 
heated  in  a  furnace  and  headed  by  special  macliinery.     Wiere  the 

Rwork  is  done  by  hand  the  tools  are  of  the 
±z^  simplest  character.  The  header  consists  of 
a  disc  in  which  a  hole  has  been  drilled  to 
correspond  to  the  diameter  of  the  bolt.  A 
handle  12  or  15  inches  in  length  is  welded 
to  the  disc.  Such  a  tool  is  shown  in  Fig. 
63.  The  hole  should  be  about  j\j  inch 
larger  than  the  nominal  size  of  iron.  To 
make  a  bolt  with  this  tool :  First  cut  off  the  iron  to  the  required  length ; 
then  heat  the  end  to  be  headed,  to  a  dull  straw  color;  strike  the  end  with 
a  hammer  or  against  the  anvil  and  upset  it  so  that  the  portion  intended 
for  the  formation  of  the  head  will  not  pass  through  the  header.  Then 
place  the  hole  of  the  header  over  the  square  hole  in  the  tail  of  the 


Fig.  64. 
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anvil  aiwl  drop  tlie  cold  end  of  the  1)()U  tlirougli  it.  Strike  the  pro- 
jecting portion  of  the  bar  and  upset  it  until  the  recjui.site  thickness 
of  head  is  obtained.     This  will  probably  leave  a  head  of  curved  but 

irregular  outline.  Remove 
from  the  header  and  square 
the  head  thus  upset,  on  the 
face  of  the  anvil.  This  will 
probably  thicken  the  head. 
Again  drop  the  cold  end 
through  the  header  and 
strike  the  head  until  it  is 
reduced  to  proper  thick- 
ness. After  which,  again 
square  the  edges  on  the  face  of  tiic  anvil.  In  doing  this  work,  the 
smith  will  hold  the  header  in  his  left  hand.  The  work  will  be  facil- 
itated if  a  helper  assists  with  a  sledge  hammer. 

There  are  a  nnuiber  of  simple  tools  in  u,se  foi-  clamping  the 


Fig.  O.i. 


Fig.  G6. 

bar  while  it  is  being  headod  so  an  to  avoid  the  preliminary  up.setting. 
Welded  Head  Bolts  are  made  by  welding  a  ring  of  square  iron 
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around  the  end  of  the  shank  to  form  the  head.  The  ring  is  (^enerallv 
bent  up  on  the  end  of  a  bar  as  showii  at  A,  Fig.  Go,  but  not  welded. 
This  ring  is  cut  off  and  phnced  on  the  end  of  the  shank  as  shown  at 
B.  The  joint- in  the  ring  should  be  left  slightly  open  to  allow  for 
the  expansion  in  welding.  The  ring  is  fastened  to  the  end  of  the 
shank  by  striking  it  on  one  side  and  squeezing  it  against  the  shank. 
The  bolt  is  put  into  the  fire,  heated  to  the  welding  heat,  and  the 

head    welded    up  into  the  re- 
quired shape.    The  ring  should 
not  be  welded  round  at   first, 
Fig.  67.  ^  it  's  difficult  in  this  way  to 

make  a  sound  joint,  there  be- 
ing a  much  better  chance  of  doing  .sound  work  by  welding  the  head 
directly  stpiare  or  hexagonal  as  required.  No  attention  need  be 
paid  to  the  joint  in  the  ring  as  this  will  take  care  of  itself.  Con- 
siderable care  must  be  used  in  taking  the  welding  heat,  as  all  the 
licat  which  reaches  the  joint  must  pass  through  the  ring  and  there 
is  a  good  chance  of  biu-ning  the  ring  before  the  shank  reaches  the 
welding  heat  if  the  heating  is  not  done  slowly  and  carefully. 

Tongs.  Common  flat  jawed  tongs,  such  as  are  used  for  hold- 
ing light  work  up  to  about  three-quarters  of  an  inch  thick,  may  be 
made  as  follows:  Stock  should 
be  about  three-quarters  of  an 
inch  square.  The  first  step  is  to 
make  a  bend  near  the  end  simi- 
lar to  A  in  Fig.  66.  The  bent  "^^^^  A  |01 
stock  is  then  laid  across  the  an- 
vil in  the  position  shown  at  C 
and  the  eye  formed  by  striking 
do\\-n  upon  it  with  a  sledge 
hammer.  A  set  hammer  may 
be  used  for  this  work  by  placing  the  work  flat  side  down  on  the  top  of 
the  anvil  and  working  down  the  stock  for  the  eye,  next  to  the  shoulder, 
with  the  set  hammer.  To  make  the  handle,  enough  stock  may  be  taken 
and  drami  out  as  showm  at  D  and  a  complete  handle  forged  in  this 
way,  or  a  small  amount  of  stock  may  be  taken  and  a  short  stub  forged 
out.     Enough  round  stock  is  then  welded  on  to  make  the  proper  length 


Fig.  68. 
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of  handle,  as  shown  in  Fig.  67.  The  jaw  is  tapered  down  as  shown  at 
E.  The  last  step  is  to  punch  the  hole  for  the  rivet.  It  is  always  a  good 
plan  to  slightly  crease  the  inside  face  of  the  jaw  with  a  fuller,  as  this  in- 
sures the  jaws  gripping  the  work  firmly  with  the  edges,  and  not  touch- 
ing it  simply  at  one  point  in  the  center,  as  they  sometimes  do  if  this 

crease  is  not  made.    The 
^~^V-~- ^;c=r tongs  are  then  riveted  to- 

gether, the  riveting  heing 
done  with  the  round  end 
of  the  haninier;  in  this 
way  a  head  is  formed  on 
the  rivet  without  upset- 
ting the  shank  of  the  rivet 
very  much  where  it  passes  through  the  hole.  After  riveting,  the  tongs 
will  probably  be  stiff  or  hard  to  move.  They  may  be  loosened  up 
by  heating  the  eye  part  red  hot  and  moving  the  handles  forward  and 
backward  two  or  three  times.  They  should  then  be  firmly  fitted 
to  the  work  to  be  handled. 

Tongs  for  Round  Stock  may  be  made  by  the  general  method 
described  above,  the  oidy  fliffercnce  being  that  after  the  jaws  are 
shaped,  and  before  riveting  together,  they  should  be  roimded  up  as 
illustrated  in  Fig.  fiS,  using  a  fuller  and  swage  as  shown. 

Light  Tongs  may  be  made  from  flat  stock  in  the  manner  illus- 
trated in  Fig.  09.     A  cut  is  made  in  a  piece  of  flat  stock,  with  a  fuller. 


Fig.  09. 
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Fig.  70. 


near  one  end.  This  end  is  twisted  over  at  right  angles  as  shown  atB. 
Another  cut  is  made  on  the  opposite  side,  as  at  C,  and  the  end  drawn 
out  as  indicated  by  the  dotted  lines.  The  tongs  are  then  finished 
in  the  usual  way.  Tongs  of  this  character  may  be  used  for  very 
light  work  and  are  easily  made. 


SOS 


FORGING 


41 


Pick=L'p  Tongs  are  matle  in  much  the  same  way  as  described 
above,  the  different  steps  being  ilhistrated  in  Fio-.  7(). 

Bolt  Tongs  may  be  made  from  round  stock,  ahiiough  scjuare 
may  be  sometiihes  used  to  advantage.  The  first  step  is  to  bend  the 
bar  in  tiie  shape  shown  in  Fig.  71.  This  may  be  done  by  the  fuller 
at  the  edge  of  the  anvil,  shown  at 
A,  or  on  a  swage  block  as  at  B. 
The  jaw  proper  is  rounded  and  fin- 
ished with  a  fuller  and  swage  as 
shown  in  Fig.  72.  The  part  be- 
tween the  jaw  proper  and  the  eye 
may  be  worked  down  into  shape  by 
the  fuller  and  set  hammer.  The 
finishing  may  be  done  as  indicated 
m  Fig.  73.  The  eye  and  handle  are 
then  flattened  down  and  drawn  out, 
the  tongs  are  punched,  riveted  to- 
gether, finished,  and  fitted  in  the 
usual  manner. 

Ladles  similar  to  the  one  shown 

in  Fig.   74,  may  be  made  from  two 

pieces  welded  together,  one  forming 

tiie   handle,    the    other    the    bowl, 

or  as  sometimes  is  done,  the  handle  may  be  riveted  on.     A   piece 

of  flat  stock  is  fu-st   "laid  out"  as  shown   in   Fig.    75.      This  is 


A  B 

Fig.  72.  Fig.  73. 

then  cut  out  with  a  cold  chisel  and  the  handle  welded  on  at  the  prc- 
jecting  point.  The  bowl  is  formed  by  heating  the  stock  to  an  even 
heat  and  placing  it  over  a  round  hole  in  a  swage  block  or  other  object. 
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Fig.  71. 


This  hole  should  he  slif^htiy  smaller  than  the  outside  diameter  of 

the  piece  to  he  worked.     To  round  the  howl  it  i.s  worked  as  indicated 

in  Fig.  7fl,  with  the  pene  end  of 
the  h  a  m  m  e  r.  The  forming 
should  he  done  as  much  as  possi- 
ble by  working  near  the  edge  of 
the  piece  rather  than  in  the  cen- 
ter. After  the  bowl  has  been 
properly  shapefl  the  edges  should 
be  ground  off  smooth  and  the  lips 

formed  as  shown  in  Fig.  77.     This  is  done  by  placing  the  part  from 

which  the  lip  is  made  against  one  of  the  small  grooves  in  the  side  of 

the  swage  block  and  driving  in  a  piece  of 

small  round  iron,  thus  hollowing  out  the  lip. 

The  stock  draws  in  somewhat  when  be- 
ing rounded   up.     For  the  bowl  of  a  ladle 

3\"  in  diameter,  the  .stock  when  flat  should 

have  an    outside    diameter    of    about    four 

inches,  and  be  one-eighth  of  an  inch  thick. 

Machine  steel  .should    be  used   fr)r  making 

the  bowl.     If  ordinary  wrought  iron  is  used 

the  metal  is  almost  sure  to  .split. 


FiK.  7.5. 


CALCULATION  OF  STOCK  FOR  FORGED  WORK. 

The  calcidations  made  previously  for  stock,  were  for  stock  wiiich 
was  simply  bent  into  .shape,  the  original  section  or  size  of  the  stock 
remaining  unaltered.  There  is  a  large  variety  of  work  where  the 
.sha])e  of  the  .stock  is  considerably  changed,  and  where  it  is  essential 
to  know  the  amount  recpiired  to  make  a  given  forging.  In  doing 
this  kind  of  work  one  rule  must  be  remembered,  i.e.,  that  the  volume 
of  the  stock  remains  unaltered  although  its  .shape  may  be  changed. 
Take  as  an  examj)le  the  forging  showm  in  Pig.  78,  let  us  determine 
the  amount  of   stock  required  to  make  the  piece. 

The  forging  is  made  in  the  general  manner  shown  in  Fig.  79. 
A  piece  of  stock  should  be  taken  large  enough  in  section  to  make  the 
block  B,  which  will  mean  that  it  will  be  one  inch  wide  and  half  an 
inch  thick.     The  metal  is  worked  by  making  the  fuller  cuts  as  shown 


FORGING 


43 


in  FifT.  7-.I  an.l  tlieii  drawing  down  tiie  ends  to  (lie  leciuired  size,  it 
hein-,  ..f  conise,  necessarv  to  know  tlie  a.nonnt  of  stock  rcqnire.l  for 
eaelientl. 

For  convenience  in  calcniating,  the  forgin..-  will  l.c  .jivi.lc.i  into 


Ooo 


Fig.  76. 

three  parts,  the  rounded  end  A,  the  central  rectangular  Ijlock  B,  and 
the  square  en<l  C.  The  stock  used  being  1"  X  i"  the  block  B  will 
of  course  require  just  two  inches  of  stock. 
The  end  C  would  have  a  volume  of  |"  X  V 
3"  =  f  of  a  cubic  inch.  The  stock  has  a 
volume  of,  V'  X  1"  X  1",  =  A  of  a  cubic 
inch  for  each  inch  of  length.  The  number 
of  inches  of  stock  required  for  the  end  C 
would  then  be  f  -^  ^  or  U  inches.  The 
end  A  is  a  round  shaft  or  cvlinder  four 
inches  long  and  V'  in  diameter.  To  find  the  volume  of  a  cvlinder,  mul- 
tiply the  square  of  the  radius  (\  the  diameter)  by  31  and  then  multiply 
this  result  by  the  length  of  the 


Fig. 


T 


-s" H- 

Fig.  78. 


m 


r 


cylinder.     This  wU  give   the 

volume  of  A  as  J  X  i  X  31 

X  4  =  J I  and  the  amount  of 

stock   re(]uired    to  make    this 

piece  woul<l   be    fi    -   i    =    u,  which  may  be  taken  as  1^  inches. 

There  is,  of  cour.se,  .some  slight   loss  due  to  scaling  in  working  the 
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iron,  which  must  he  iillowed  for.     Tliis  is  generally  done  In'  adding 
a  sHght  amount    to  the  minimum  amount    required    in  eaoli  oasc. 
The  amount  of  stock  reiniircil  in  tliis  case  would  he  ahout, 
lloimd  shaft  A.  IJ" 

Block  B 2" 

Square  shaft  ('  1^" 

Total 5?" 

A\Tien  the  forging  is  started,  cuts,  which  are  afterward  opened 
up  with  a  fuller,  may  be  made  as  shown  l\y  the  upper  sketch  in  Fig.  79. 
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Fie  79. 
In  this  particular  case  it  is  not  ahsolutely  neces.sary  tliat  e.\actly  the 
proper  amount  of  stock  ho  taken,  as  it  would  be  a  very  ea.sy  matter 

to  take  a   little   too   much 


^ 


IC 


s*" 

Fig.  SO. 


and  trim  off  the  surplus 
from  the  ends,  after  the 
forging  was  made. 

With  the  forging  such  as 
shown  in  Fig.  SO,  however,  it  is  essential  that  the  exact  amount  he 
used.  This  forging,  which  is  the  general  .shape  of  a  connecting  rod, 
would  be  started  as  shown  in  Fig. 
81,  and  it  is  quite  important  that 
the  distance  A  be  correct.  The  stock 
used  should  be  2"  X  4".  Each  end 
will,  of  course,  recpiire  just  6"  of 
stock.  The  center  part  is  a  cyl- 
inder 2"  in  diameter  and  24"  long,  the  volume  of  which  would  be 
1"  X  1"  X  3>  X  24"  =  75?-  cubic  inches,  which  may  be  taken  as 
75J  cubic  inches.     For  each  inch  in  length  the  2"  X  4"  stock  would 
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Fig.  SI. 
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have  a  volume  of  4"  X  2"  X  1"  =  S  cubic  inches.  Tlierefore  it  would 
rc(iuire  75i  -8=9  rV  of  stock,  to  form  the  central  piece,  conse- 
(luently  the  distance  between  the  cuts  shown  at  A  in  Fig.  SI  will 
he  9  -,V".  To.  this  might  be  added  a  slight  allowance  for  loss  in 
scaling.  The  total  amount  of  stock  required  would  be  6"  +  6"  + 
9ts"  =  21,^^  Any  forging  may  generally  be  separated  into  simple 
parts  of  uniform  shape  as  was  done  above.  In  tliis  form  the  cal- 
culation may  be  easily  made. 

Weight  of  Forging.  To  find  the  weight  of  any  forging  the  vol- 
ume may  first  be  found  in  cubic  inches  and  this  multiplied  by  .2779, 
the  weight  of  wrought  iron  per  cubic  inch.  If  the  forging  be  made 
of  steel,  the  figures  .29.36  should  be  used  in  place  of  .2779.  This 
gives  the  weight  in  pounds.  Below  is  given  the  weight  of  wTought 
iron,  cast  iron  and  steel  both  in  pounds  per  cubic  inch  and  per  cubic 
foot. 

Cast  Iron         450  per  cu.  ft.         .2604  per  cu.  inch. 
Wrought  Iron  480   "     "    "  .2779  "    "     " 

Steel  490   "     "    "  .29.36  "     "     " 

Suppose  it  were  required  to  find  tlie  weiglit  of  the  forging  showii 
in  Fig.  78.  A  has  a  volume  of  Ji  cubic  inch,  C  f  cubic  inch 
and  B  1  cubic  inch,  making  a  total  of  2  f|  cubic  inches.  If  the 
forgmg  were  made  of  WTought  iron  it  would  weigh  2  f|  X  .2779  = 
.7  lbs.  The  forging  in  Fig.  SO  has  a  total  volume  of  171 1  cubic 
mches  and  would  weigh,  if  made  of  ^\Tought  iron,  47.64  lbs. ' 

A  much  easier  way  to  calculate  weights  is  to  use  tables  such  as 
given  on  pages  46  and  47.  Tlie  first  table  gives  the  weights  per  foot  of 
flat  iron  bars.  In  the  second  table  is  given  the  weights  for  each  foot 
of  length  of  round  and  square  bars. 

'\^^len  using  the  table  on  page  46  to  ascertain  the  weight  of  any 
size  of  flat  iron  per  foot  of  length,  look  in  the  first  column  at  the  left 
for  the  thickness.  Then  follow  out  in  a  horizontal  line  to  the  colunm 
giving  the  width.  The  number  given  will  be  the  weight  in  pounds 
of  cne  foot  of  the  desired  size. 

To  use  the  table  for  calculating  weights,  the  procedure  would  be  as 
follows: 

Taking  Fig.  SO  as  an  example,  each  end  is  2"  X  4"  and  6"  long 
and  the  two  ends  would  be  equal,  as  far  as  weight  is  concerned,  to  a  liar 
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WEIGHT  OF  FLAT  ROLLED  IRON. 
Lenjcth,   12  inches. 
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a 
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1 

Ul 

3 
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1.35 
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2.08    2.18   2.29;  2.38  2.S0 

.B24 
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1.11  1  'j; 
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2.71 

2.92    3.13    3.33 

3M    3.75 

396 

4.17    4.37    4.58   4.79   6.00 

1.30I.Sfi 
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3.65    3.91    4.17 

4.43    4.69 

4.95 
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8.33    8.75    9.17!  9..58|10.00 
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If.  r:  17. .511  1H.33  19!l62000 
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15.05  15.91  18.81 
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A 
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18.75  19.89  20.63  21  66i22.li0 
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1              18.80 

19.79  20.78  21.78  22.76 
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2i 

1 

20  83 
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2.5.00 
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22.97  24.07,25.16 

26.26 

2 

Si.il  26.36 

27J» 

4 

1 

1           ;27.65i28.7S 

3 

i 

1          1         180.00 

2"  X  4"  and  1  ft.  long.  From  the  table  it  will  he  .seen  that  a  har  2"  X  2" 
weigli.s  13..33  Ih.s.  anfl  a  har  2"  X  -4",  being  twice  a.s  thitk  would  weigh 
twice  that,  or  2(').()()  Ih.s.  A  bar  two  inches  in  diameter  weigh.s  10.47 
lbs.  per  foot  and  as  the  central  part  of  the  forging  i.s  2  ft.  long,  it  will 
weigh  20.04  lb.s.,  making  the  total  weight  of  the  forging  47.6  lbs. 
Finish.  Many  forgings  are  machined  or  "finished"  after  leaving 
the  forge  shop.  The  drawings  are  always  made  to  repre.sent  the 
finished  work  and  therefore  give  the  finished  dimensions,  and  it  is 
necessary  when  this  finishing  is  to  1)6  done,  to  make  allowance  for  it 
when  making  the  forging,  that  all  parts  which  have  to  be  finished  or 
"machined"  may  be  left  with  e.xtra  metal  to  be  removed  in  finishing. 
The  parts  re<[iiired  to  be  finished  are  generally  marked  on  the  drawing. 
Sometimes  the  fini.shed  surfaces  have  the  word  "fini.slie<r'  marked 
on  tliem.  Sometimes  the  finishing  is  .shown  simj)ly  by  the  .symbol  f, 
as  used  in  Fig.  82,  showing  that  the  shafts  and  pin  only  of  the  crank 
are  to  be  finished.  When  all  surfaces  of  a  piece  are  to  be  finislied 
the  words  finish  all  over  are  sometimes  marked  on  the  drawing. 
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WEIGHTS  OF  ROUND  AND  SQUARE  ROLLED  IRON. 
Length,  12  Inches. 
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43.80 
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125.1 
130.2 
135.5 
140.8 
146.3 
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206.7 
213.3 
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240.8 


300.8 
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333.3 
350.2 


403.3 
421.9 
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77.40 
79.19 
81.00 
82.83 
84.69 
86.56 
88.45 
90.36 
92.39 
94.35 
98.23 
102.3 
106.4 
110.6 
114.9 
119.3 
133.7 
128.3 
133.9 
137.6 
142.4 
147.3 
153.3 
157.3 
162.4 
167.6 
178.2 
189.3 
200.4 
212.1 
234.0 
236.3 
348.9 
361.8 
375.1 
288.6 
303.5 
316.8 
331.3 
346.2 
361.4 
377. 


The  allowance  for  finishing  on  small  forgings  is  generally  about 
t'j"  on  each  surface.  Tlius,  if  a  block  were  wanted  to  finish  4"  X  2"  X 
r  and  Jy"  were  allowed  for  fiui.shing,  the  dimen.sions  of  the  forging 
would  be  41"  X  2J"  X  H".  On  a  forging  like  Fig.  SO,  about  i"  alfow! 
ance  would  be  made  for  finishing,  if  it  were  called  for.  Thus  the 
iliameter  of  the  central  shaft  would  be  2^",  the  thickness  of  the  ends 
2\",  etc.  On  larger  work  {"  is  sometimes  allowed  for  macliining. 
The  amount  of  finish  allowed  depends  to  a  large  extent  on  the  way 
the  forging  is  to  be  finished.     AMien  hand  finishing  is  done,  that  is, 

or  scraping,  J/  or  even  ^"  is  enough;  when  all  of  the  finish- 
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ing  is  (lone  in  n  latlie  or  other  machine,  more  material  should  he  left. 

When  a  fori;ing  calls  for  fnixli,  in  calciilatiiig  the  ainonnt  of 

stock,  or  wcigiU,  tiic  iliniension.s  taken  should  not  he  the  actual  ones 


shown  hy  the  drawing,  hut  these  dimensions  with   the  proper  ailcw- 
ance  made  for  finish. 

Crank  Shafts.  There  are  several  methods  of  forgin<;  crank  shafts. 
The  more  conuuoiily  use<l  is  the  commercial  method,  as  descrii)ed 
in  iletail  helow     When  forgings  were  mostly  made  of  wrought  iron,  the 


u 

J 

4f-^, 

1 

Fig.  S3.  . 

cranks  were  welded  up  of  .severel  pieces.  One  piece  was  used  for 
eacii  of  tlie  shafts,  one  piece  for  each  cheek  or  side,  and  another  piece 
for  the  crank  pin.  Cranks  are  sometimes  bent  up  out  of  round  stock, 
hut  this  method  is  only  used  on  small  work.  ^Fhe  common  method 
now  employed  where  machine  steel  i.s  used,  is  to  forge  the  crank  from 
one  solid  piece  of  material.     The  stock  is  taken  large  enough  to  shape 


h 


^li^ 


Fig.  84. 


the  largest  part  of  the  crank  without  any  upsetting.  If  a  crank  be 
required  similar  to  Fig.  82,  the  size  of  stock  to  be  used  should  be  1^" 
by  4"  in  section. 


FORGING 


49 


J 


il. 


Fif;.  s:;. 


Wlieii  tlio  forging  leaves  the  sliop,  it  will  he  left  in  a  shape  similar 
to  the  shape  shown  hy  the  solid  lines  in  Fig.  S3,  the  dimensions  shown 
here  allowing  for  the  necessary  finishing.  The  crank  itself  would  he 
loft  in  a  solid  hlock,  the  throat  being  afterwards  cut  out  as  indicated 
l)y  the  dotted  lines.  A  line  of  holes  is  first  tlrilled  as  shown,  and  the 
i)lock  of  metal  to  he  taken  out  is  removed  by  making  two  slits  witli 
ii  cold  saw  and  the  block  then 
knocked  out  with  a  sledge  hammer. 
It  is  possible  to  form  this  throat  by 
chopping  out  the  surplus  metal 
witli  a  hot  chisel  in  the  forge  shop, 
but  on  small  cranks  in  particular, 
such  as  here  shown,  it  is  generally 
cheaper  in  a  well  equipped  shoj)  to 
use  the  first  method. 

The  first  step  is  of  course  to 
calculate  the  amount  of  stock  re- 
quired. Tlie  long  end  would  contain 
10.13  cul)ic  inches.  As  each  inch  of  stock  contains  6  cubic  inclies, 
it  woukl  re(iuire  1.7"  of  stock  to  fonn  this  end  provided  there  was 
no  waste  from  scale.  Waste  does  take  place,  however,  and  must 
be  allowed  for,  so  about  2"  of  stock  shoukl  be  taken.  The  short 
end  contains  5.22  cubic  inches  and  woukl  require  .87"  of  stock,  with- 
out allowance  for  scale.  About  1{"  should  be  taken.  The  total 
stock  then  rc(|uired  would  be  7|". 

The  first  step  is  to  make  the  cuts,  and  spread  the  ends  as  shown 
in  Fig.  84.  These  ends  may  then  be  forged 
down  with  a  sledge  hammer  as  illustrated 
or  may  be  worked  out  under  the  steam 
hammer,  the  finishing  up  against  the 
shoulders  being  done  as  illustrated  in  Fig. 
85.  The  shaft  may  be  rounded  dowTi  and 
finisheil  between  swages.  Care  must  be 
taken  to  see  that  the  cuts  are  properly 
spread  before  drawing  out  the  ends.  If  the 
cuts  are  left  without  spreading,  the  metal  will  act  .somewhat  after 
the  manner  shown  in  Fig.  86.     The  top   part  of  the  bar,  as  it  is 
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worked  down,  will  fold  over  and  leave  a  crack  or  cold  shut  as  illus- 
trated. AVhen  the  metal  starti!  to  act  in  this  way  tlie  fault  should 
be  corrected  l)y  trimming  oflF  tlie  overlapping  comer  along  the  dot- 
ted line  shown  in  the  uj)per  sketdi. 

)V\ultiple=Throw   Cranks.     AVhenacrank  shaft  has  more  tlian  ons 
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Fig.  S7. 
crank  or  crank  pin,  it  is  spoken  of  as  a  multiple-throw  crank.    A 
douhle-tiirow  crank  is  a  crank  .shaft  with  two  cranks.     A  tliree  throw 
or  triple  throw,  one  with  three  cranks,  etc.     As  a  general  ride  nuil- 
tiple-throw  cranks  are  forged  flat,  i.e.,  the  cranks  are  all   f(jrged  in 


line  with  each  other.  The  shafts  and  pins  are  then  rough  turned 
and  tlie  cranks  are  heated  and  twisted  into  shajjc.  The  forging  for 
the  douhle-throw  crank  shown  in  Fig.  87  would  first  be  made  in  the 
general  shape  shown  in  Fig.  88.  The  parts  shown  by  the  dotteri  lines 
w()uld  then  be  cut  out  with  a  drill 
and  saw  as  described  above,  and 
the  shafts  and  pins  rough  tiu-ned, 
i.e.,  turned  round,  but  left  as  large 
as  possible.  The  forging  is  then 
returned  to  the  forge  shop  where  it 
is  heated  and  the  cranks  twLsted  to  the  desired  angle,  ^^'hen  twist- 
ing, the  cr.ank  would  be  grip{>ed  just  to  the  right  of  the  point  marked 
A.     This  may  be  done  with  a  vise,  or  wrench  if  tlie  crank  is  small,  or 
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it  may  be  held  uiuler  the  steam  liammer.     Tlie  twisting  may  be  done 
with  a  wTcndi  similar  to  Fig.  89  which 
mav  be  easily  made  by  bending  up  a  V 
of  Hat  stock  and  welding  on  a  handle. 

A  Three-Throw  Crank  without  any 
intermediate  bearings  is  shown  in  Fig. 
00.  The  rough  forging  for  this  is  shown 
in  Fig.  01.  The  extra  metal  is  removed 
as  indicated  by  the  dotted  lines  and  the 
twisting  done  as  described  before. 

Weldless  Rings.  Rings  and  eyes 
forged  solid  without  any  welds  may  be 
made  in  the  general  manner  described 
below.  As  an  example,  suppose  it  be 
required  to  make  a  ring  such  as  illus- 
trated in  Fig.  92.  A  flat  bar  is  first 
forged  rounding  on  the  ends,  punched ' 
and  split  as  sho^^l,  this  split  is  opened 
out  and  the  ring  hammered  into  shape. 
It  is  necessary,  of  course,  to  calculate 
tlie  amount  of  stock  required.  This 
may  be  done  as  follows:  The  first  step 
is  to  determine  the  area  of  the  ring, 
which  is  done  by  taking  the  area  of  the 
outside  circle,  and  subtracting  from  it  the 
area  of  the  inside  circle. 


t/* 


Area  of  outside  circle 
"     "  inside      " 


12.57 
7.07 


5.50 


The  stock  used  when  making  small  thin  rings  should  be  twice 
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the  width  of  tlie  side  of  the  ring  to  whicli  i.s  added  at  least  one-ciuarter 

of  an  ineli.     Wien  the  l)ar  is  spht  the  stock  is  more  or  less  deformed 

and  when  worked  hack  into  sliape  is  slightly  thinned.  Although  no 
stock  is  lf)st  hv  the  hammering,  an  allowance 
nuist  l)e  made  for  the  thinning  and  stretching 
and  it  is  necessary  to  make  the  stock  slightly 
wider  on  this  account,  as  noted  above.  Allow- 
ing V'  for  hammering,  and  taking  stock  1^"  wide, 
the  amount  of  stock  required  would  be  5.5  -;- 1.5, 
equal  to  3.66".  Allowing  a  small  amount  for  loss 
by  scale,  etc.,  3}  J"  of  stock  should  be  taken.  In 
making  this  calculation,  the  thickness  of  the  stock 
is  not  taken  into  consideration,  as  the  thickness  of 
the    finished    ring    is    the    same    as    the    stock. 

This  general  method  is  used  on  a  large  variety  of  work,  particularly 

where  rings  are  to  be  made  of  tool  steel  and  should  be  made  without 

a  weld. 

Another  method  of  making  wcldlcss  rin;; 

mcr,  is  illustrated    in    Fig.  93.      Tlie 

])roper  amount  of  stock  is  first  forged 

into  a  disk,  a  hole  is  punched  into  this 

disk  and   a  mandril  inserted.      A  I  - 

shaped  rest  is  then  placed  on  the  anvil 

of  the  steam  hammer  and  the  mandril 

laid  on  this.      The  ring  is  turned  on 

the   mandril   and    forged    into  shape. 

Larger  and  larger  mandrils  are  sub- 
stituted as  the  hole  in  the  ring  increases  in  size. 

Lever  with    Boss.      The    following   description    will  .serve  for 


uidcr  the  sicam  ham- 


Fig.  93. 


Fig.  94.  Fig.  9.-,. 

many   forgings  of  the  same  general  shape.     The  forging  shown  m 


FOUGING  53 

Fig.  94  will  be  taken  as  an  example.  There  are  two  general  ways 
of  making  work  of  this  character.  One  is  to  take  stock  of  the  proper 
size  for  the  lever  and  weld  on  a  chunk  for  the  boss.  Tiie  other  is  to 
take  stock  large  enough  to  form  the  boss  and  draw  out  either  the  entu-e 

K2^ 


Fig.  96. 
lever,  or  a  short  stub,  to  which  the  levei  is  welded.     The  work  may  be 
started  for  the  first  method  by  doubling  over  the  end  of  the  stock  as 
illustrated  in  Fig.  95.     This  is  welded  up  and  rounded  by  the  same 
general  method  as  afterwards  described  for  the  other  boss.     The 


Fig.  97. 
second  method  of  shaping  is  illustrated  in  Fig.  96.  The  stock  in 
this  case  would  be  two  inches  square.  The  fuller  cut  is  first  made 
as  illustrated  at  A.  The  end  is  then  dra\\'n  out  into  the  shape  shown  at 
B.  In  drawing  out  the  stock,  if  the  metal  be  allowed  to  flatten  down 
into  shape  hke  C,  a  "cold-shut"  will  be  formed  close  to  the  boss,  as  the 
•comer  at  X  will  overlap  and  work  into  die  metal,  making  a  crack  in 
the  work.  The  proper  way  to  draw  out  the  stock  is  shown  at  D. 
The  .s(|uare  piece   left   for   the    boss  is   rounded   up  over  the  cor- 
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Fig.  9S. 


ncr  (if  the  anvil  a.s  .sliown  in  Fig.  97.  Sometiiiies  to  make  the  work 
easier  to  get  at,  tlie  end  is  bent  hack  out  of  the  way  anil  straightened 
after  the  forging  is  completed.  The  boss  may  ije 
smoothed  uj)  by  using  a  set  hammer  or  swage  in 
the  manner  indicated. 

Knuckles.  One  example  of  a  very  numerous 
class  of  forgings  is  .shown  in  Fig.  98.  This  is  the 
.shape  used  for  what  are  known  as  marine  ends 
of  connecting  rods,  knuckle  joints  on  valve  rods,  and  various  other 
places.  A  common  method  employed  to 
make  such  a  forging  is  shown  i^  Fig.  99. 
Two  fuller  cuts  are  first  made  as  inflicated 
at  A  and  the  part  for  the  shaft  of  the  forging 
drawn  out.  The  thick  end  is  then  punched 
and  split,  ;vs  indicated  at  B.  This  split  end 
is  opened  up  and  forged  out  in  the  manner 
indicated  in  Fig.  100,  if  the  work  is  done  on 
the  anvil.  Fig.  101  illustrates  the  method 
of  working  out  imder  the  steam  hammer, 
the  end  being  first  flattened  as  indicated 
anil  then  gradually  tipped  up  to  the  position 
shown  by  the  dotted  lines.  ^^^^en  drawn 
to  size,  the  ends  are  flattened  out  straight 
across  and  the  finishing  done  around  the 
shank  with  a  fuller  as  indicated  in  Fig.  102. 
The  forging  is  then  bent  into  a  U-shaped 
loop  of  approximately  the  shape  of  the  finished  knuckle.  A  bar  of 
iron  the  same  dimension  as  the  inside  of  the 
finished  knuckle  is  inserted  between  the  sides 
of  the  loop,  and  the  sides  closed  down  flat  as 
shown  in  Fig.  10-3.  Fig.  104  show's  other  forg- 
ings wliich  may  be  shaped  by  tills  same  general 
method.  Trim  E,  Fig.  99,  to  the  dotted  line. 
Wrenches.  A  simple  tool  that  is  fre- 
quently called  for  is  the  S  wrench.  This 
Fig.  100.  wTench  is  usually  made  with  a  gaj)  at  each  end 

suited  foi  nuts  of  different  sizes.     It  is  shown  complete  in  Fig.  105. 
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Tlie  jaws  at  the  end  should  be  pa'-allel  with  each  other.  A  line  drawn 
from  one  jaw  to  the  otlier  sliould  make  an  angle  of  30  degrees  with  the 
center  line  of  each.     There  are  two  ways  in  which  such  a  wrench  can 


Fig.  101. 

l>e  forged.  One  fe  to  forge  the  jaws  separately  antl  then  weld  to 
the  handle.  In  the  other  the  jaws  are  cut  from  a  solid  piece  of  metal 
and  the  iron  between  is  tlien  drawni  down  to  the  proper  size  for  the 
handle.  The  latter  is  preferable,  since  it  avoids  all  welds.  To 
make  the  ■RTench  by  the  second  process,  select  a  piece  of  steel  large 


Fig.  102  Fig.  10.3. 

enough  to  form  the  head.  Fuller  it  down  back  of  the  head  as  shown 
in  A,  Fig.  106,  at  a  a.  Round  the  end  and  punch  the  hole  b.  Next 
treat  the  other  end  in  the  same  way  and  draw  out  the  intermediate 
metal  giving  the  form  shown  at  B.     Now  cut  out  the  holes  b  b  securing 
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the  form  shown  at  C.     It  now  remains  to  bend  the  heads  to  the  prop- 
er an^le  and  give  the  desired  curve  to  the  shank.     In  forging  such 
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a  wrench  the  outer  edges  sliould  he  slightly  rounded  so  that  tliey 
will  not  cut  the  hand.  The  inside  of  the  jaws  should  he  perfectly 
square  with  sharp  edges.     This  finish  can  be  best  obtained  by  filing. 


Fig.  10.',. 

Socket  Wrenches  are  made  in  several  ways.  The  easiest  way 
in  "hurry  u])"  work  is  the  method  illustrated  in  Fig.  107.  A,  stub 
is  forged  to  the  same  size  antl  shape  as  the  finished  hole  is  to  be,  and 
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a  ring,  bent  up  of  thin  flat  iron,  welded  round  this  stub.  When  finish- 
ing the  socket,  a  nut  or  bolt  head  of  the  same  size  that  the  wrench  is 
intended    to  fit,  should  he  placed  in  the  hole  and  the  socket  finished 


Fig.  lOG. 
over  this,  between  swages.     A  better  way  of  making  wrenclies  of 
tills  kind  is  to  make  a  forging  having  the  same  dimensions  as  the  fin- 
islicd  WTench  wth  the  socket  end  left  solid.     The  socket  end  is  then 


Fig.  107. 
drilled  to  a  depth  slightly  greater  than  the  socket  is  wanted.    The 
diameter  of  the  drilled  hole  should  be  as  showTi  in  Fig.  lOS,  equal 
to  the  shortest  diameter  of  the  finished  bole.     After  drilling,  the  socket 
end  is  heated  and  a  punch,  of  the  same  shape  as  the  finished  hole. 
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driven  into  it.  The  end  of  the  punch  should  he  square  across  and 
tlie  corners  sharp.  As  the  punch  is  driven  in,  it  will  shave  off  some 
of  the  metal  around  the  corners  of  the  hole  and  force  it  to  the  bottom, 


Fig.  lOS.. 

thus  makinr;  it  necessary  to  have  the  drilled  liole  sliglitly  deeper  than 
tlie  finished  socket. 

Ladle  Shank.    The  hulle  shank  shmvn  in  Fig.  109  may  be  made 
in  several  ways.     The  ring  may  he  welded  up  of  flat  stock  and  a 
round  ha)idle  welded  on  with  a  T-weld.     Or  square  stock  may  be 
taken,  worked  out  and  split  as  .shown  in  Fig.  110,  these  split  ends 
being  afterwards  welded   to  make 
the  ring.     Another  method  of  mak- 
ing without  any  welds  at  all  woulil 
be    to  split    the  stock  as   indicate<! 
in  Fig.  Ill    and    work  out   in   the 
same   way   that  a  weld  less  ring   i^ 
made.     The   latter    method   wouUl 
take  more   time   but  would  make 
the  soimder  forging.  i 

Molder's  Trowel.  The  molder's  trowel  illustrated  in  Fig.  112 
is  a  sample  of  a  large  class  of  forgings,  having  a  wide,  thin  face  witli 
a  comparatively  small  thin  .stem  forged  at  one  end.  The  stock  used 
for  the  trowel  would  be  about  }"  X  1".  This  is  thick  enough  toi 
allow  for  the  formatif)n  of  a  ridge  at  R.    Fig.  1 1 3  .shows  the  generali 
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method  employed.  Two  nicks  are  first  made  witli  fullers  as  illus- 
trated at  A  and  the  stem  (h-awn  down,  roughly,  to  size.  This  stem 
is  tlien  bent  up  at  right  angles  and  forged  to  a  scpiare  corner  as  illus- 


CIT 


Fig.  110. 

trated  at  B,  in  the  same  general  manner  as  the  square  corner  of  a 
bracket  is  formed.  Wien  flattening  out  the  blade  in  order  to  leave 
the  ridge  shown  at  R,  Fig,  112,  the  work  sliould  be  held  as  shown  at 

C,  Fig.  113.  Here  the  handle 
"^  is  held  pointing  dowTiward  and 
against  the  side  of  the  an%il. 
By  striking  down  on  the  work 
and  covering  the  part  directly 
over  the  edge  of  the  anvil  with 
the  blows,  all  the  metal  on  the 
anvil  will  be  flattened  down. 
By  swinging  the  piece  around 
into  a  reversed  position,  the  other  edge  of  the  blade  is  then  thinned 
down.    This  leaves  the  small  triangle  shown   by  the   dotted   lines 
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unworked  and  forms  the  ridge  shown  at  R.  The  same  rosnlt  could 
1)0  olitained  by  placing  the  woik  flat  on  tlic  anvil  f;ue  ami  iisinf;  a, 
set  hannner. 

TOOL  STEEL  WORK. 

Tool  SteeL  Although  not  strictly  true  technically,  for  ordinary 
purposes  tool  steel  may  he  considered  simply  a  comliination  of  iron 
and  carbon.     The  more  common  gnide  contains  perhaps  1  percent 


-|^ 


Fig.  112. 

of  carl>on.  Machine  steel  and  wrought  iron  do  not  contain  this 
element  carlwn  to  any  great  extent.  If  a  piece  of  wTought  iron  or 
machine  steel  be  heated  red  hot  and  suddenly  cooled,  the  metal  re- 
mains practically  as  it  was  before  heating,  but  if  a  piece  of  tool  steel 
be  subjected  to  this  treatment,  it  becomes  very  hard  and  brittle.  By 
a  modification  of  this  heating  and  cooling,  almost  any  degree  of  hard- 
ness may  be  imparted  to  the  steel.     Wien  tool  steel  is  heated  red  hot 

and  then  suddenly  cool- 
[11  ed,  becoming  very  hard, 

tlie  process  is  known  as 

\\ Ilardfning.      For  more 

'^====(^  detailed  explanations  of 
hardening,  tempering, 
etc.,  the  student  is  re- 
ferred to  "Tool  Making", 
as  merely  general  state- 
ments and  explanations 
will  be  given  here.  If  two  pieces  of  tool  steel  be  heated,  one  to  a 
comparatively  high  heat  and  one  to  a  lower  heat  and  the  two  pieces 
suddenly  cooled  in  water,  if  the  ends  be  then  snapped  off,  a  decided 
difference  will  be  noticed  in  the  fractures.     The  piece  cooled  from  the 
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higher  teniperat.ire  will  liuve  a  very  coarse  grain,  ^^•hile  that  cooled 
from  the  lower  temperature  will  have  a  finer  grain.  Two  things  are 
fixed  when  hardening  a  piece  of  tool  steel-hardness  and  grain. 
The  hardness  depends  upon  the  rapidity  with  wliich  the  steel  is 
eooletl.  The  more  rapid  the  cooling,  the  harder  the  steel.  The 
grain  depends  upon  the  heat  from  which  the  steel  is  coole.l.  There 
is  only  one  heat  from  which  the  steel  may  be  cooled  and  have  the 
proper  grain.  This  heat  is  known  as  the"  hardming  heat.  A  i)iece 
of  steel  when  cooled  from  this  hardening  heat  has  an  extremely  fine 
silky  looking  grain  and  is  left  very  hai-d  antl  brittle. 

Hardening.  The  hardemncj  heat  varies  with  the  amount  of 
carbon  tlie  steel  contains,  the  greater  the  percentage  of  carbon,  the 
lower  the  hardening  heat. 

To  determine  the  hardening  heat,  a  bar  \"  or  |"  square  is  heated 
to  a  good  red  heat  on  one  end,  and  cooled  in  cold  water.  This  end 
is  then  tested,  if  too  hard  to  file  it  has  been  hardened,  and  the  heat 
from  which  it  was  cooled  was  either  the  proper  hardening  heat  or 
some  liigher  heat.  If  the  end  can  be  filed  it  was  cooled  from  some 
heat  below  the  hardening  heat.  If  the  end  proves  to  be  soft  it  should 
Ije  rehardened  by  cooling  froni-a  higher  heat,  if  hard  it  should  be 
broken  off  and  the  fracture  examined.  If  the  grain  of  the  broken 
end  is  very  fine  the  steel  is  properly  hardened,  if  coarse,  it  was  heated 
too  hot  and  the  end  should  be  rehardened  at  a  lower  heat.  The  ex- 
periment should  be  rejDeated  until  the  operator  is  able  to  give  the  steel 
a  very  fine  grain  every  time.  Any  variation  either  above  or  below  " 
the  hardening  heat  will  make  the  grain  coarse.  A  temperature  lower 
than  the  critical  heat  will  not  make  the  steel  as  coarse  in  structure 
as  a  temperature  correspondingly  higher,  but  there  will  be  some 
difference. 

Hardening  Baths,  ^'arious  bathg  are  used  for  cooling  steel 
when  hardening,  on  account  of  the  different  rates  at  which  thevcool 
the  heated  metal.  An  oil  bath  is  used  when  the  steel  is  wanted  tougher 
and  not  excessively  hard,  as  the  oil  cools  the  steel  slower  than  water. 
Brine  or  an  acid  bath  are  used  when  the  steel  is  wanted  verj-  hard,  as 
they  absorb  heat  more  rapidly  than  water.  For  excessively  hard 
work  mercur}-  or  quicksilver,  is  sometimes  used,  as  it  absorbs  the 
heat  ver\-  rapidly. 
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General  Laws  of  Ilardmhu/.  The  two  simple  general  facts  of 
liardeninf;  tliat  must  he  rememliered  areas  follows:  First,  the  lieat 
from  which  the  steel  is  cooled  determines  the  (jrain ;  secoiidly,  the  rapid- 
ity of  cooliiifj  determines  the  hardness,  everything  else  being  equal, 
the  more  rapid  the  cooling,  the  harder  the  steel. 

Anncalincf.  When  steel  is  annealed  it  is  softened,  rhi.s  is  done 
by  cooling  the  steel  very  slowly  from  the  hardening  heat,  the  cooling 
l)eing  done  as  .slowly  as  possible.  This  cooling  in  some  cases  takes 
several  days.  As  noted  under  hardening,  the  rapidity  of  cooling 
determines  the  final  hardness  of  the  steel  and  if  the  steel  be  cooled  very 
.slowlv  it  will  be  left  very  soft;  while  if  cooled  rapidly,  it  will  be  left 
hard.  This  difference  in  the  time  taken  to  cool  the  steel  is  the  only 
difference  between  hardening  and  aimealing.  Both  should  be  done 
from  the  same  heat.  The  details  of  various  methods  of  annealing 
are  described  in  "Tool  Making". 

Tempering.  "^Fools  which  are  simply  hardened  as  described 
alx)ve  are,  with  few  exceptions,  too  brittle  for  use  and  it  is  necessary 
to  reduce  the  brittleness.  This  process  is  known  as  tempering. 
Tools  are  always  left  as  hard  as  it  is  possiiile  to  lea\e  them  and  still 
have  them  tough  enough  for  the  work  for  which  they  are  intended. 
In  reducing  the  brittleness  of  the  steel,  some  of  the  hardne.ss  is  of 
necessity  taken  out  and"  tempering  is  therefore  sometimes  spoken  of 
as  a  reduction  of  the  hardness,  but  it  is  in  reality,  merely  a  reduction 
of  the  brittleness.  After  a  tool  or  piece  of  steel  has  been  hardened, 
some  of  the  brittleness  is  taken  out  by  a  slight  reheating  to  a  low  tem- 
perature. These  temperatures  vary  from  200°  F.,  to  about  650°  F. 
Tliese  temperatures  are  determined  in  various  ways.  The  simplest 
and  perhaps  the  most  commonly  used,  is  to  polish  the  steel  after  it 
has  been  hardened  and  then  reheat  the  part  to  be  tempered  until  the 
surface  shows  a  certain  color. 

If  any  bright  piece  of  iron  or  steel  be  heated,  when  a  temperature 
of  about  400°  F  is  reached,  the  surface  will  turn  pale  yellow.  As  the 
temperature  is  increased  this  yellow  grows  darker  until  at  about  500°  F 
it  is  a  decided  brown.  WTien  600°  F  is  reached,  a  deep  blue  color  shows 
on  the  surface.  These  colors  are  produced  by  a  thin  scale  which  is 
formed  on  the  surface  of  the  steel  and  are  no  indication  whatever  of 
hardness,  merely  showing  to  what  heat  steel  or  iron  has  been  raised. 
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Tempered  tools  may  he  divided  into  two  general  classes:  First, 
those  wliicli  have  one  edge  only  temjicred;  se<'ond,  those  which 
are  femperetl  throughout.  To  the  first  class  l)elong  most  lathe  tools, 
cold  chisels,  etc.  '  To  the  second  cla.ss,  taps,  dies,  milling  cutlers,  etc. 
When  tempering  tools  of  the  first  class,  considerably  more  of  the  tool 
is  he^ited  than  is  wanted  hardened.  The  cutting  edge  is  then  hard- 
ened by  cooling  in  water.  Tlie  tool  is  then  taken  from  the  water,  the 
hardened  edge  polished,  and  reheated  by  allowing  the  heat  to  "come 
down"  from  the  body  of  the  tool,  which  is  still  quite  hot.  Tools  of 
the  second  class  are  first  hardened  by  being  heated  to  a  uniform  hard- 
ening heat  and  then  cooled  completely.  The  tool  is  then  polished 
and  the  temper  drawn  by  placing  the  steel  either  over  the  fire  or  on  a 
piece  of  metal  which  has  previously  been  heated  red  hot.  It  is  ab- 
solutely essential  that  the  steel  shoidd  be  heated  to  a  uniform  tem- 
perature when  hardened.  The  parts  to  be  hardened  should  show 
no  difference  whatever  in  color  when  being  heated.  If  points  or 
corners  of  tools  are  allowed  to  come  to  the  hardening  temperature 
before  the  botly  of  the  tool  is  hot,  these  overheated  corners  are  almost 
sure  to  crack  off.-  Absolute  uniformity  in  heating  to  the  proper  hard- 
ening heat  is  necessary  to  insure  success  in  hardening  operations. 

Lead  Bath,  To  insure  uniformity  in  heating,  various  methods 
are  used,  and  when  the  work  is  done  on  a  large  scale  the  heating 
is  generally  done  in  a  furnace  fired  with  gas.  Another  common 
method  is  to  heat  the  steel  in  a  bath  of  red  hot  lead.  The  lead  is  heated 
in  a  pot  or  crucible,  to  the  hardening  heat  of  the  steel.  The  top  of 
the  lead  is  covered  with  powdered  charcoal  or  coal  to  prevent  the 
formation  of  the  slag  or  dross  on  top.  AMien  steel  is  heated  in  lead 
it  must  be  perfectly  clean,  dry,  and  free  from  rust. 

TOOL  FORGING  AND  TEMPERING. 

Forging  Heat.  Before  attempting  any  work  with  tool  steel  a 
piece  of  scrap  steel  is  to  be  experimented  with,  heated  and  hardened 
several  times  at  various  heats  imtil  the  manipulator  is  sure  of  the 
effect  of  the  various  heats  upon  the  grain  of  the  steel.  The  steel 
should  also  be  experimented  with  to  determine  just  how  high  a  heat 
it  will  stand.  WJien  heavy  forging  is  to  be  done,  /.  e.,  when  the  first 
rough  shaping  is  done  upon  a  tool,  a  comparatively  high  heat  siiould 
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be  used.  Tlie  steel  slioiiUl  he  forj^ed  at  alxmt  wliat  iiiii,'lit  l)e  called 
a  good  yellow  heat.  The  lifjhter  hatnincriiii;,  when  fiiiishini;,  should 
he  (lone  at  a  lower  heat,  ahout  the  hanleiiini;  heat.  Very  little,  if  any, 
hanimerinfj  should  be  done  below  the  hardeninf;  heat.     If  the  grain 
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of  the  steel  hius  heeii  rai.sed  by  too  high  a  heat,  it  can  generally  be  (piitc 
decidedly  reduced  by  a  little  hammering  at  .some  heat  above  the  hard- 
ening (ein])crature. 

Cold  Chisels.  The  stock  should  be  heated  to  a  good  yelJaw 
heat  anil  forged  into  .shape  and  fini.shed  as  smoothly  a-s  possible. 
Wien  properly  forged,  the  end  or  cutting  edge  will  bulge 
out  as  .shown  in  Fig.  114.  It  is  a  good  plan  to  sini|)ly 
nick  this  end  acro.ss  at  the  point  where  the  finished 
eflge  is  to  come  anfl  then  after  the  chisel  has  been  tem- 
pered, this  nicked  enfl  may  be  broken  off  and  the  grain 
examine*!.  Whenever  possible,  it  is  a  good  plan  to 
leave  an  end  of  this  sort  on  a  tool  that  may  be  broken 
off  after  the  tempering  is  done.  AMien  hardening,  a 
chisel  should  be  heated  red  hot  about  as  far  back  from 
the  cutting  edge  a.s  the  point  A,  Fig.  115.  Care  must 
be  taken  to  heat  slowly  enough  to  keep  the  part  l)eing 
heated  at  a  uniform  temperature  throughout.  If  the 
point  becomes  overheated,  it  .should  not  be  dipped  in 
water  to  cool  off,  but  allowed  to  cool  in  the  air  to  below 
the  hardening  heat  and  then  reheated  more  carefully. 
\Mien  jiroperly  heated,  the  end  should  be  hardened  by 
dipping  in  cold  water  to  the  point  B.  As  soon  as  the  end  | 
is  cold,  the  chisel  should  be  withdrawn  from  the  water  I 
and  the  end  polished  bright  by  rubbing  with  a  piece  of  emery 
paper.     Tlie  part  of  the  chi.sel  from  A   to  B  will  still   be  red   hot 
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and  the  Iieat  from  tliis  part  will  gradually  reheat  the  hardened  point. 
As  tliis  cold  part  is  reheated,  the  polished  surface  will  cliange  color 
showiiiij  at  first  yellow,  then  hrown,  and  at  last  purple.  As  soon  as 
tlie  purple  (almost  hhie  color)  reaches  the  nick  at  the  end,  the  chisel 


Fig.  116. 
should  he  completely  cooled.  The  waste  end  may  now  he  snapped 
off  and  the  grain  examined.  If  tlie  grain  is  too  coarse  the  tool  .should 
Ite  rehardened  at  a  lower  temperature,  while  if  the  metal  is  too  .soft, 
and  the  end  hends  without  breaking,  it  .should  he  rehardened  at  a 
higher  temperature. 

Cape  Chisel.     Tiiis  is  a  cliisel   u.sed    for  cutting  grooves,  key 
seats,  etc.     Tiie  end  A  .shoidd  he  wi<ler  than  the  rest  of  the  blade  back 


Fig.  117. 

to  B,  Fig.  ilG.  The  chisel  is  started  by  thinning  down  B  with  two. 
fullers,  or  over  the  horn  of  the  anvil  as  shown  at  A,  Fig.  117.  The 
end  is  dien  drawn  out  and  finished  with  a  hammer  or  flatter  in  the 
manner  illustrated  at  B.  A  cape  chisel  is  given  the  same  temper  as 
a  cold  chisel. 
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Square  and  Round  Nose  Chisels.  These  two  chisels,  tlie  ends 
of  which  arc  siiown  in  Fig.  1  IS,  are  forged  and  tempered  in  j)raoticaliy 
tl»e  same  way  as  tl»e  ordinary  cape  chisel,  tiie  only  chlTercnce  heing  in 
the  shape  of  the  ends.  Round  nose  cape  chisels  are  .sometimes  used 
for  centering  drills  and  are  then  known  as  centering  chisels. 

Lathe  Tools.  The  same  general  forms  of  lathe  tools  are  used 
in  nearly  all  .shops,  but  the  shapes  are  altered  somewhat  to  .suit  in- 
dividual ta.stes. 

Right  Hand  and  Left  Hand  Tools.     Many  lathe  tools  are  made 

in  pairs  and  are  called  right 
and  left  hand  tools.  If  a 
tool  is  made  in  such  a  way 
that  the  cutting  edge  comes 
toward  the  left  hand  as  the 
tool  is  held  in  position  in 
the  latiie,  it  is  known  as  a 
ri(jhl  hand  tool,  I.  e.,  a  tool 
which  l)egins  a  cut  at  the 
right  hand  end  of  the  piece 
and  moves  from  right  to  left  is  known  as  a  right  hand  tool.  The  one 
commencing  at  the  left  hand  end  and  cutting  toward  the  right  would 
be  known  as  a  left  hand  tool.  The  general  shape  of  right  and  left 
hand  tools  for  the  same  u.se  is  generally  the  same  excei)ting  that 
the  cutting  edges  are  on  opposite  sides. 

Clearance.     When  making  all  lathe  tools,  care  niu.st  be  taken  to 
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Fig.  119. 

see  that  they  have  proper  clearance,  ('.  e.,  the  cutting  edge  must  pro- 
ject beyond  or  outside  of  the  other  parts  of  the  tool.  In  other  words, 
the  sides  of  the  tool  must  be  undercut  or  slant  downwards  and  back- 
wards away  from  the  cutting  edge.  This  is  illustrated  in  the  .section 
A  B  of  Fig.  119,  wliere  the  lower  edge  cf  the  tool  is  made  considerably 
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tliinnt-r  tlnui  the  upper  edge,  in  order  to  give  the  proper  clearance. 
Round  Nose  and  Thread  Tools.  These  tools  are  practically 
alike  excepting  for  a  slight  difference  in  the  way  the  ends  are  ground. 
The  general  shape  is  shown  in  Fig.  119.  When  hardening,  the  tools 
should  he  heated  about  as  far  as 
the  line  A,  Fig.  120,  and  cooled 
up  to  the  line  B.  The  temper  is 
then  drawn  in  the  same  general 
way  as  described  for  tempering 
of  cold  chisels  excepting  that 
when  a  light  yellow  color  shows 
at  the  cutting  edge  the  tool  is 
cooled  for  the  second  time.  All 
lathe  tools  are  given  practically 
the  same  temper.  Sometimes 
tools  are  left   much  harder.     In 


Fig.  120. 


one  quite  well  known  plant  the  tools  are  simply  reheated  until  the 
water  evaporates  from  the  cutting  end,  indicating  a  reheating  to  a 
temperature  of  about  200°F. 

Cutting  off  Tools  are  forged  with  the  blade  either  on  one  side  or 
in  the  center  of  the  stock.  The  easier  way  to  make  them  is  to  forge 
tlie  blade  with  one  side  flush  with  the  side  of  the  tool.  Such  a  tool  is 
shown  in  Fig.  121.  The  cutting  edge,  A,  the  extreme  tip  of  the  blade, 
should  be  wider  than  any  other  part  of  the  thinned  end,  B.  In  other 
words,  this  edge  should  have  clearance  in  all  directions  as  mdicated 

in  the  drawing.  The  clear- 
ance angle  at  the  end  of  the 
tool  as  shown  in  the  sketch,  is 
about  correct  for  lathe  tools. 
For  heavier  tools  for  the 
planer,  the  angle  should  be 
as  shown  by  the  line  X  X. 
Wien  hardening,  the  end  of 
the  tool  should  l)e  heated  to  about  point  C  C  and  cooled  to  about 
tlie  line  D  D,  and  the  temper  drawn  as  described  for  the  round 
nose  tool.  Tools  may  be  forged  in  the  general  way  shown  in 
Fig.  122.     The   tool  is  started   bv   making  a    fuller  cut  as  shown 
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at  A.  After  roughly  shaping,  the  end  is  triniiiied  off  with  a  hot 
chisel  along  the  dotted  line  at  C.  dreat  care  must  be  taken  to 
see  that  the  hiade  of  tlie  tool  lias  proper  rlearanoe  in  all  directions. 


An^il  Anvil 

Fig.  122. 
\Vhen  a  tool  is  wanted  with  a  blade  forged  in  the  center,  it  should  be 
first  started  by  using  two  fullers  instead  of  one,  then  iluiking  two 
cuts,  one  on  each  side  of  the  stock,  in  |)lace  of  the  single  cut  showTi  at  A. 


Fig.  123. 

Boring  Tool.    The  general  .shape  of  this  tool  is  shown  ni  Fig,  1 23. 

The  Icngtii  of  the  thin  end  depends  upon  the  depth  of  the  liole  in 

which  the  tool  is  to  be  used  and  as  a  general  rule  should  be  made  as 

short  and  thick  as  possible,  in 
order  to  avoid  springing.  The 
tool  may  be  started  in  the  same 
general  way  as  the  cutting  off 
tool,  the  fuller  cut  being  made  on 
the  edge  of  the  stock  instead  of 
on  the  side.       The  cutting  edge 

of  the  tool    is  at  the  end  of  the  small  "nose,"  and  this    "nose"  is 

the  only  part  which  shoidd  be  tempered. 

Diamond  Points.     These  tools  are  made  in  a  variety  of  modifica* 


Fig.  124. 
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tions  of  the  shape  shown  in  Fig.  124.  There  are  various  methods 
used  for  shaping  them,  one  of  which  is  ilhistratetl  in  Fig.  125.  Tlie 
shape  is  started  as  inchoated  at  A.  After  the  nick  has  been  made  as 
shown,  the  end' of  tiie  tool  is  shaped  as  shown  by  the  dotted  lines,  the 
blows  coming  in  the  direction  of  the  arrow.  Further  shaping  is  done 
as  indicated  at  B.  To  square  up  the  end  of  the  nose  of  the  tool,  it  is 
worked  l)ackward  and  forward  as  indicated  at  C.  The  tool  is  finisiied 
bv  trimming  off  the  end  to  tlie  proper  angle  with  a  hot  chisel  and  touch- 
ing it  up  with  a  set  hammer  ^Mien  hardened  it  should  be  dipped 
about  as  shown  at  D. 

Side  Tools  or  side  finishing  tools  as  tiiey  are  sometimes  called, 
are  generally  made  in  about  the  shape  shown  at  F,  Fig.  126.  The  tool 


Fig.  12.5. 

may  Ije  started  by  making  a  fuller  cut  as  showm  at  A.  The  end  x  is  then 
drawni  out  with  a  fuller  into  the  shape  B.  After  smoothing  up  with 
a  set  hanuner  the  blade  is  trued  into  shape  along  the  dotted  lines  at  C. 
The  tool  is  finishetl  by  giving  the  proper  "ojfsd"  to  the  top  edge  of 
tlie  blade.  This  is  done  by  placing  the  tool  flat  side  down  with  the 
blade  extending  over,  and  the  end  of  the  blade  next  the  shank  about  I" 
beyond,  the  outside  edge  of  the  an\-il.  A  set  hammer  is  placed  on  the 
blade  close  up  to  tlie  shoulder  and  slightly  tipped,  so  that  the  face  of 
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the  hammer  touches  the  thin  edge  of  the  blade  only,  as  illustratefl  at  D. 
One  or  two  light  blows  with  the  sledge  will  give  the  necessary  offset 
and  after  touching  up  the  blade,  the  tool  is  ready  for  tempering. 
^^^1C^  heating  for  hardening,  the  tool  should  be  placed  in  the  fire  with 
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the  cutting  etlge  up.  In  this  way  it  is  more  easy  to  avoid  overheating 
the  eflge.  The  liardening  .shoidd  be  done  by  dipping  the  tool  in 
water  as  illustrated  at  E,  only  the  small  part  A  lieing  left  above  the 
surface.     The  tool  is  taken  from   the  water,  quickly  rubl)eil   bright 
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on  the  flat  side,  and  the  temper  drawn  until  tiie  cutting  e<lgeshowsa 
light  yellow  The  same  color  should  show  the  entire  length  of  the 
cutting  edge.  If  the  color  shows  darker  at  one  end,  it  inilicates  that 
that  pad  of  the  blade  was  not  cooled  enough  and  the  tool  should  be 
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relianlened,  this  time  dipping  the  tool  in  sucii  a  way  as  to  bring  that 
end  of  the  blade  which  was  too  soft  before,  deeper  in  the  water. 

Centering  Tool.  The  centering  tool  shown  in  Fig.  127  is  used 
for  starting  holes  on  face-plate  antl  chuck  work.  The  end  may  be 
shaped  by  making  a  fuller  cut  and  then  flattening  out  the  metal, 
trimming  the  cutting  edge  to  sha])e  with  the  hot  chisel. 

Forming  Tools  for  Turret  Lathes  are  sometimes  forged  tip  in  the 
same  general  shape  as  above  and  tempered  like  other  lathe  tools. 

Finishing  Tool.  This  tool,  Fig.  12<S,  may  be  started  either  with 
a  fuller  cut  or  in  the  same  way  as  the  diamond  point.  The  end  is 
dien  flattened  out  and  shaped  with  a  set  hammer  as  shown  in  Fig.  129. 
This  generally  leaves  the  end  bent  out  too  nearly  straight,  but  it  nuiy 
be  easily  bent  back  into  shape  as 
indicated  at  B.  Tills  bending 
will  probably  leave  the  point 
something  like  C.  A  few  blows 
of  the  hammer  at  the  point  indi- 
cated by  the  arrow  will  give  the 
tool  the  shape  as  at  D.  The  cut- 
ting edge  should  be  tempered 
the  same  as  other  lathe  tools. 
For  planer  and  shaper  tools  of 
this  shape,  the  end  should  be 
more  nearly  at  right  angles  to 
the  edge  of  the  tool,  making  an 
angle  of  about  six  or  eight  de- 
grees less  than  tlie  perpendicular. 
In  other  words,  the  tool    should  have  less  end  rake. 

Flat  Drills  need  no  particular  description  as  to  forging  and  sha[)- 
ing.  The  size  of  the  drill  is  determined  by  the  width  of  the  flat  end,  this 
being  the  same  size  as  the  hole  the  drill  is  intended  to  bore.  If  this 
dimension  were  one  inch,  the  drill  would  be  known  as  a  one-inch  ch-ill. 
The  drill  should  be  made  somewhat  softer  than  lathe  tools,  the  temper 
being  drawTi  until  a  light  brown  shows  at  the  cutting  edge. 

Springs  are  generally  tempered  in  oil.  The  spring  is  heated  to 
a  uniform  hardejiing  heat  and  hardened  l)y  cooling  in  oil.  The  tem- 
per is  drawn  by  holding  the  spring,  still  covered  with  oilj  over  the 
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flame  of  the  forge,  and  lieating  until  the  oil  burns  over  the  entire 
spring.  If  the  spring  is  not  uniform  in  section  throughout,  it  is  gen- 
erally advisable,  while  heating  it,  to  plunge  every  few  seconds  into 
the  oil  bath,  taking  it  out  instantly  and  continuing  the  heating.    This 
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momentary  pi'uige  tends  to  e(|ualize  the  heat  hy  cooling  the  thinner 
parts. 

Lard  oil  or  Ksii  oil  arc  generally  used  as  mineral  oil  is  too  uncertain 
in  composition.  The  above  method  of  tempering  is  known  as  blazing 
ofj,  the  blazing  point  of  the  oil  being  used  to  indicate  the  temperature 
in  place  of  the  color  of  the  scale.  The  same  results  could  be  obtained 
by  polishing  the  spring  and  heating  until  it  tU7-ned  blue. 

Hammers.    When  making  a  ham- 
mer the  stock  should   be  ti'ken   large 
enough  to  make   the  largest  part  of 
the  hammer   without   any   upsetting. 
•^'S- 131  ■  As  a  general  ride  the  hammer  is  forg- 

ed on  the  end  of  a  bar  and  finished  as  completely  as  ])ossible  before 
cutting  off. 

Riveting  Hammer.  About  the  easiest  hammer  to  shape  is  the 
riveting  hammer  shown  at  D,  Fig.  4.  This  hammer,  as  well  as  all 
other  hammers,  is  started  by  first  punching  the  hole  for  the  eye  as 
shoNNTi  at  A,  Fig.  130.  A\Tien  the  eye  is  punched  the  stock  is  generally 
bulged  out  sideways  and  in  order  to  hold  the  shajie  of  the  eye  while 
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flattening  down  this  bulge,  a  drift  pin  such  as  shown  in  Fig.  131  is 
usetl.  This  pin  is  made  larger  in  the  center  and  tapering  at  both 
ends.  The  center  or  larger  part  of  the  j)in  has  the  same  sliaj^e  as  the 
finished  eye  of  the  hammer.  This  pin  is  driven  into  the  punched  hole 
and  the  sides  of  the  eye  forged  into  shape  as  illustrated  at  B,  Fig.  130. 
After  the  eye  has  been  properly  shaped,  the  next  step  is  to  shape  down 
the  tapering  pene  leaving  the  work,  after  a  nick  has  been  made  arountl 
the  bar  where  the  face  of  the  hammer  will  come,  as  shown  at  C.  The 
end  of  the  hammer  toward  the  face  is  then  slightly  tapered  in  the  man- 
ner indicated  at  D.  After  the  hammer  has  been  as  nearly  as  possible 
finished,  it  is  cut  from  the  bar  and  the  face  trued  up.  For  tempering, 
the  whole  hammer  is  heated  to  an  even  hardening  heat.  The  hammer 
is  then  grasped  by  placing  one  jaw  of  the  tongs  through  the  eye. 
Both  ends  are  tempered,  this  l>eing  done 
by  hardeneng  first  one  end  and  then  the 
other.  The  small  end  is  first  hardened 
by  dipping  in  the  water  as  sho^-n  at 
Fig,  132.  As  soon  as  this  end  is  cooled 
the  position  of  the  hammer  is  instantly 
reversed  and  the  face  end  hardened. 
TNIiile  the  large  end  is  in  the  water  the 
smaller  end  is  polished  and  the  temper 
color  watched  for.  Wlien  a  dark  brown 
scale  appears  on  the  small  end  the  ham- 
mer is  again  reversed  bringing  the  large  end  uppermost  and  the 
pene  in  the  water.  The  face  end  is  then  polished  and  the  temper 
drawn.  If  the  large  end  is  properly  hardened  before  the  temper 
color  appears  on  the  small  end,  the  hammer  may  be  taken  complete- 
ly out  of  the  water,  the  large  end  polished,  and  the  colors  watched  for 
on  both  ends  at  once.  As  soon  as  one  end  shows  the  proper  color 
it  is  promptly  dipped  in  water,  the  other  end  following  as  soon  as 
the  color  appears  there,  but  under  no  circumstances  should  the  eye 
be  cooled  while  still  red  hot.  For  some  special  work  hammer  faces 
should  be  left  harder,  but  for  ordmary  use  the  temper  as  given 
above,  is  very  satisfactory. 

Ball  Pene  Hammer.    The  general  method  of  making  this  ham- 
mer is  illustrated  in  Fig.  133.     After  punching  the  hole,  the  hammer 
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is  roughetl  out  by  using  the  fullers  as  shown  at  A  and  B.  The  ball 
eijd  is  then  rounded  up,  tlie  octagonal  parts  shaped  with  tlie  fullers 
and  the  hammer  cut   from  the  bar,  ground    and  tempered.      Ball 


Fig.  i;«. 

pone  liaminer.s  may  be  made  with  a  .steam  hammer  in  practically 

the  .same    way  a.s  described    above,  excepting    that    round    bars  of 

steel   .should  be   substituted    for 
the  fullers. 

Blacksmith's  Tools  such  as 
cold  chisels,  hot  chisels,  set  ham- 
mers and  flatters  are  made  in 
much  the  same  way  as  hammers. 
The  wide  face  of  the  flatters  may 
be  upset  by  using  a  block  such  as 
is  shown  in  Fig.  134.  The  heated 
end  of  the  tool  is  dropped  into 
the  hole  in  the  block  and  the  face 

upset  into  the  wide  shallovv  opening.     Swages  may  also  be  worked  up 

in  tin's  way. 
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Self=hardcning  Steel  is  used  to  a  large  extent  in  modern  practice 
for  latlio  tools,  Miucli  l)eing  used  in  the  shape  of  small  square  steel 
held  in  s])ecial  holders.  Such  a  tool  is  illustrated  in  Fig.  135.  Self- 
hardening  steel,  as  its  name  indicates,  is  almost  self-hardening 
in  nature,  generally  the  only  treatment  that  is  required  to  harden  the 
steel  being  to  heat  it  red  hot  and  allow  it  to  cool.  Sometimes  the 
steel  is  cooled  in  an  air  blast  or  is  dipped  in  oil.  It  is  not  necessary 
to  "draw  the  temper".  The  self-hardening  quality  of  steel  is  given 
to  it  l)y  tlie  addition  of  Chromium,  ]Molybdenyum,  Tungsten,  or  one 
of  ftiat  group  of  elements,  in  addition  to  the  carbon  which  ordinary 
tool  steel  contains.  Self-hardening  steel  is  comparatively  expensive, 
costing  from  40  cents  and  upwards  per  pound,  some  of  the  more 
expensive  grades  costing  iSl.OO  or  so.  Wien  in  use,  self-hardening 
steel  will  stand  a  much  higher  cutting  speed  than  the  ordinary  so- 
called  carbon  steel.  For  this  reason  it  is  much  more  economical  to  use, 
although  its  first  cost  is  higher.  Self-hardening  steel  cannot  be  cut 
with  a  cold  chisel  and  must  life 
either  cut  hot  or  nicked  with  an 
emery  wheel  and  snapped  off. 
Great  care  must  be  used  in  forg- 
ing it,  as  the  range  of  temperature 

through  which  it  may  be  forged  ,,.^^  ..,_ 

is  comparatively  slight,  running 

from  a  good  red  heat  to  a  yellow  heat.  Some  grades  of  self-hard- 
ening steel  may  be  annealed  by  heating  the  steel  to  a  high  h.eat  in 
the  center  of  a  good  fire  and  allowing  the  fire  and  the  steel  to  cool 
off  together.  Steel  which  has  been  annealed  in  this  way  may  be 
hardened  by  heating  to  the  hardening  heat  and  cooling  in  oil. 

Taylor=\Vhite  Process.  This  method  of  treating  special  grades 
of  self-hardening  steel  was  discovered  some  years  ago  by  the  men 
after  whom  it  is  named.  It  was  found  that  if  a  piece  of  self-hardening 
steel  be  heated  to  a  very  high  temperature  (about  the  welding  heat) 
and  then  suddenly  cooled  to  about  a  low  red  heat,  the  steel  would 
be  in  a  condition  to  stand  very  much  harder  usage  and  take  a  much 
he:i\ier  cut.  Steel  treated  in  this  way  seemed  to  have  the  cutting 
edge  of  the  tools  almost  burned  or  melted  off  and  considerable  grind- 
ing was  necessary  to  bring  them  into  shape.     When  put  in  u.se  the 
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edges  would  almost  immefliatcly  be  slightly  roiindefl  or  cnimMe  off, 
hilt  after  tiiis  slight  hrcaking  riown  of  the  rutting  e<lge,  the  steel  would 
stand  lip  under  excessively  trying  conditions  of  high  speed  and  heavv 
cut.  Tools  of  this  character  were  of  very  little,  or  no,  use  for  fine 
finishing,  hut  were  of  great  value  for  heaw  and  roughing  cuts. 

HEAVY  FORGING. 

Steam  Hammer.    An  ordinary  form  of  steam  hammer  is  sliown 

in  Fig.  130.     Its  essential  parts  are  an  inverte<i  steam  cylinder,  to 

whose  jtiston  rod  the  hammer  head  is  attached,  and  the  frame  for 

carrving   tlie   whole.     The   liammer   is  raisetl   hv  admitting   steam 


Fig.  136. 
beneath  the  piston,  "^flie  blow  is  dealt  by  exhausting  the  steam  from 
beneath  the  piston  and  admitting  it  above  tiie  same.  The  head  is 
thus  accelerated  by  gravity  and  the  pre.ssure  of  steam  aljove  the  pi.ston. 
The  valve  gear  is  so  arranged  that  tlie  intensity  of  the  blow  may  be 
varied  by  changing  the  amount  of  steam  admitted  to  the  pi.ston  on  its 
downward  stroke.  The  steam  admitted  below  on  the  same  stroke 
forms  a  cushion  for  the  absorption  r>f  the  momentum  of  the  head. 
In  this  wav  the  lightest  of  taps  and  the  hea\nest  of  blows  can  he  deliv- 
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eicd  l\v  the  saiiio  hammer.  Tliese  hammers  are  also  made  in  a  <;reat 
variety  of  sizes.  Steam  liammers  are  rated  hv  tlie  w  ei<i;lit  of  the  falhiifi; 
parts,  i.  r.,  the  piston  rod,  ram  or  liead,  and  hammer  die.  A  hammer 
ill  whieh  tlieseparts  weigh  400  Ihs.  would  he  called  a  400  11).  hammer. 
Steam  hammers  are  made  in  two  distinct  parts:  the  frame,  carrying 
tlie  liammer  or  ram,  and  the  anvil,  on  which  the  hammer  .strikes. 


Fig.  137. 

The  frame  is  carried  on  a  heavy  foundation,  and  the  heavy  anvil, 
■which  is  generally  made  of  cast  iron  and  fitted  with  a  die  block  of 
tool  steel,  rests  upon  a  heavier  foundation  of  timljer  or  masonry  ca[-- 
ped  with  a  timber.  The  object  of  these  separate  fouuflations  is  to 
allow  the  anvil  to  give  slightly  under  a  blow  without  disturbing  the 
frame.  On  very  light  power  hammers  the  anvil  and  frame  are  some- 
times made  together. 

Hammer  Dies.     The  dies,  as  most  connjionlv  used  witli  a  steam 


Fig.  1.-3S.  Fig.  139. 

hammer,  have  flat  faces.  The  l)est  ones  are  made  of  tool  .steel.  Tlie.se 
dies  may  be  made  of  tool  steel  and  left  mihardened,  then  when  the 
dies  become  battered  out  of  shape  from  use,  they  may  be  trued  up 
and  refaced  withoiit  going  to  the  trouble  of  annealing  an.d  hardening. 
Dies  of  gray  cast  iron  and  cast  iron  with  a  chilled  face  are  also  quite 
commonly  u.sed'.     Ordinary  gray  cast  iron  is  used,  particularly  when 
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special  sliapcfl  dies  are  employed  fi>r  weldiii}^  and  liglit  l)endinp;. 
Tongs  for  steam  liammer  work  slioidd  always  carefully  be  fitted 
ami  .should  prip  the  stock  firmly  on  at  least  three  sides.  A  fpiite  com- 
mon shaj)e  for  tongs  for  heavy  work  is  shown  in  Fig.  137.  'J\)  hold 
the  tongs  securely  on  the  work  and  to  make  it  esusier  to  handle  them, 
a  liid<  is  .sometimes  ii.sed  of  the  .shape  .shown.     This  is  driven  (irmly 
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over  the  handles  of  the  tongs  and  the  ])n'jecting  ends  are  used  a.s 
handles  for  turning  the  work. 

Hammer  Chisels.  The  common  shape  lur  liot  diiscls  for  u.sc 
untler  the  steam  hammer  is  given  in  F'ig.  loS.  The  iiandle  and  hlade 
are  .sometimes  made  from  one  i)ieee  of  tool  .steel.  .Sometimes  the 
blade  is  made  of  tool  steel  and  an  iron  handle  welded  on  as  .shown  in 
the  sketch.  The  handle  next  to  the  blade  shonhl  be  flattened  out 
to  form  sort  of  a  s])ring  win'ch  ])eniiits  a  little  give  when  using  flie 
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chisel.  The  edge  of  the  chi.sel  should  be  left  square  acro.ss  and  not 
rounding.  The  proper  shape  is  shown  at  A,  Fig.  139.  Sometimes 
for  special  work  the  edge  may  be  slightly  beveled  as  at  B  or  C.  For 
cutting  or  nicking  bars  cold,  a  chisel  similar  in  .shape  to  Fig.  140  is 
.sometimes  used.  This  is  made  very  flat  and  stumpy  to  resi.st  the 
crushing  effect  of  heavy  blows.  For  cutting  into  corners  a  chisel 
similar  in  .shape  to  Fig.  141  is  sometimes  u.sed.  For  bent  or  irregular 
work  the  chisel  may  be  formed  accordingly.  For  cutting  off  hot  stock 
tlie  method  used  is  about  as  illustrated  in  Fig.  142,  i.  r.,  the  work  is 
cut  nearly  through  as  .showni  at  A.  The  bar  is  then  turned  over  and 
a  thin  strip  of  steel  with  square  corners  placed  on  top  as  shown  at  B. 
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A  quick  hca\7  blow  of  tlic  lianiiner  drives  this  steel  bar  through  the 
work  ami  carries  away  tiio  thin  fin  shown,  Icavinj;  hotli  of  the  cut  ends 
clean  and  smooth. 

Tools.  The  tools  used  for  steam  hammer  work  are  generallv 
very  simple.  Swages  for  finishing  work  up  ♦o  three  or  four  inches 
in  diameter  are  commonly  made  in  the  .shape;  shown  in  Fig.  143. 


B        ^  ^       C 

Fig.  14.3. 

The  handle  is  made  in  the  shape  of  a  .spring  and  may  be  either  made 
in  one  piece  with  the  blocks  and  dra^sTi  out  as  sho\\Ti  at  C,  or  mav  be 
in.serted  as  .shown  at  B.  This  .sort  of  a  tool  is  kno^\ii  as  a  spring  tool. 
Another  s.irt  of  swage  .sometimes  u.sed.  is  illustrated  in  Fig.  144.  the 
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top  swage  at  A,  the  bottom  swage  at  B.  This  sort  of  a  swage  is  used 
on  a  die  block  which  has  a  square  hole  cut  in  its  face  similar  to  the 
hardy  hole  in  an  anvil.  The  short  horn  X,  of  the  swage,  fits  into  this 
hole,  the  other  two  projections  coming  over  the  side  of  the  anvil  block. 
Tapering  and  Fullering  Tool.  The  faces  of  the  anvil  and  ham- 
mer dies  are  flat  and  parallel  and  it  is,  of  course,  impossible  to  finish 
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tiiperin}^  work  siiinotli  between  tlie  hare  ilies.  Tliis  work  may  be  done 
bv  iisiiij;  a  tool  similar  to  Fig.  145.  ]t.s  method  of  use  i.s  .shown  in  Fig. 
14C,  the  roufihing  being  done  with  the  round  side  down  and  the  fini.sh- 


ing  with  the  Hat  side.  Fullers  u.sed  for  ordinary  hand  forgings  are 
•seldom  employed  in  steam  liauuner  work.  Round  bars  are  u.sed  in 
their  place  in  the  manner  illustrated  in  F'ig.  147.  If  a  nick  is  wanted 
on  one  .side  only,  simply  one  round  bar  is  used.  Care  nuist  always 
be  taken  to  be  .sure  that  the  work  is  in  the  piiijtcr  position  before 


V^       V 


Roughincf 


Finishing 


Fic  14(), 


.striking  a  lieavy  blow  with  the  hammer.     'Fo  do  this  the  hammer 

should  be  brought  down  lightly  on  the  work  thus  bringing  the  piece 

to  a  flat  "bearing"  for  the  first  blow. 

Squaring  up  Work.  It  frequently 
happens  that  work  is  knocked  lop- 
sided under  the  hammer,  being 
worked  up  into  .some  such  sliape 
as  .shown  at  A,  Fig.  14<S.  To  cor- 
rect this  and  bring  the  work  up 
s(|uare,  the  bar  should  be  put  under 
the  hammer  and  there  knocked  in- 
to shape  B  and  then  rolled  in  the 

direction  indicated  by  the  arrow  until  shaped  as  at  C  when  it  may 

then  be  worked  dawn  .square  and  finished  like  D. 

Crank  Shafts.     The  crank  shaft  .shown  in  Figs.  82  and  83  is  quite 
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:i  coninion  example  of  steam  hammer  work.     The  stock  is  first  worked 

as  ilhistrated  in  Fig.  1 49,  thecuts  being  on  each  side  of  tiie  crank  cheek. 

A  special  tool  is  used  for  this  as  illustrated.  When  the  cuts  are  very 
deep,  they  .shoukl  first  be  made  with  a  hot 
chisel  and  then  opened  up  with  this  spread- 
ing tool.  With  light  cuts,  however,  both 
operations  may  be  done  with  a  spreading 
tool  at  the  same  time.     Car"  must  be  taken, 

when  flattening  out  tlie  ends,  lo  prevent  any  of   the  material  from 

doubling    over   and    forming    a  "cold    shut".      After   the   ends   are 

hammered  out.  the  corners  next 

to  the  cheeks  may  be  squared  by  I 

using  a  block  as  shown  in  Fig.  85.  \  j 

Connecting  Rod  :     Drawimj  \  / 

out  hcturrn  flic  shoulders.      The  \  / 

forging    illustrated    in   F  i  g.  SO, 

while  hardly    the   exact  propor- 
tions  of  the  connecting   rod,   is 

near  enough  the  proper  shape  to 

<i;ive  a  good   example  of    this 

kind    of  forging.     The   work   is 

first  started  by  making  two  cuts 

a,s  illustrated  in  Fig.  150.     The 

metal  between  the   two  cuts  is 

then   drawn   out    by    using   two 

steel  blocks  as  shown  in  Fig.  151 

until  the  metal  is  stretched  long 

enough  to  allow  the  corners   of 

the  square  ends  to  clear  the  edges  of   the    hammer 

work  is  done  directly  upon  the  bare  die. 


dies,  when   the 


MISCELLANEOUS  PROCESSES. 

Shrinking.  AMien  iron  is  heated  it  expands  and  upon  being 
cooled  it  contracts  to  about  its  original  size.  This  property  is  utilized 
in  doing  what  is  known  as  shrinl-ing.  Fig.  152  shows  a  collar  shntnh- 
on  a  shaft.  The  collar  and  shaft  are  made  separate,  the  hole  through 
the  collar  being  sl'ghtly  less  in  diameter  than  the  outside  diameter  of 
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the  shaft.  The  collar  is  then  heated  red  hot  and  the  lieat  causes  the 
collar  to  expand,  inakin<;  the  hole  lari:;cr  in  diameter  than  the  shaft. 
The  collar,  while  still  Iiot,  is  tlien  placed  on  the  shaft  in  proper  position, 
aTid  cooled  as  (piickly  as  possible  hy  pourinir  water  ou  it.     As  liie  collar 
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is  cooled  it  contracts  and  scpieezes,  or  locks,  itself  firmly  in  position. 
This  principle  of  shrinking  is  u.sed  to  a  large  e.Ntent  where  a  firm,  tight 
fit  is  wanted,  the  only  objection  being  that  it  is  rather  difficult  to  take 
a  piece  off  after  it  has  once  been  shrunk  intf)  place. 

Rrazing.     AMicn  two  pieces  of  iron  or  steel  are  welded  together, 


Fij?.  1.52. 
they  are  joined  by  making  the  pieces  so  hot  that  the  particles  of  one 
piece  will  stick  to  those  of  the  other,  no  medium  being  used  to  join 
them.  In  brazing,  however,  the  brass  acts  in  joining  two  pieces  of 
metal  together  in  somewhat  the  same  manner  that  glue  does  in  joining 
two  pieces  of  wood.     Briefly  the  process  is  as  follows:     l^he  surfaces 
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to  be  joined  are  eleanetl,  lield  together  by  a  suitable  clamp,  heater!  to 
the  temperature  of  mehiug  brass,  flux  added,  and  the  brass  melted 
into  the  joint.  The  l>rass  used  is  generally  in  the  shape  of  "spelter". 
This  is  a  finely  granulated  bra.ss  which  melts  at  a  comparatively  low 
temperature.     "Spelter"  comes  in  several  grades  designated  bv  hard. 


I'ig.  l.>5. 

soft,  etc.,  the  harder  spelters  melting  at  higher  heat  but  making  a 
stronger  joint.  Brass  wire  or  strips  of  rolled  brass  are  sometimes 
used  in  place  of  spelter,  brass  wire  in  particidar  being  very  convenient 
in  many  places.  A  simple  example  of  a  brazetl  joint  is  shown  in  Fig. 
153,  where  a  flange  is  brazed  to  the  end  of  a  small  pipe.  It  is  not 
necessary  in  this  case  to  use  any  clamps  as  the  pieces  will  hold  them- 
selves together.  The  joint  between  the 
two  should  l>e  made  roughly.  If  a  tight 
joint  be  used  there  will  be  no  chance  for 
the  brass  to  run  in.  The  joint  shoukl  fit 
in  .spots  but  not  all  around.  Before  put- 
ting the  two  pieces  together,  the  surfaces 
to  be  joined  should  be  cleaned  free  from 
loose  dirt  and  scale.  When  ready  for 
brazing  the  joint  is  smeared  with  a  flu.x 
(one  part  salammoniac,  six  or  eight  parts 
borax)  which  may  be  addetl  dry  or  put  on 
in  the  form  of  a  paste  mixed  with  water, 
and  the  spelter  mixed  with  flux  sprinkled  on  and  melted  into  place. 
Brass  wire  could  be  used  in  place  of  the  spelter  in  the  manner 
indicated,  the  w-ire  being  bent  into  a  ring  and  laid  round  the  joint 
as  shown.  Ordinary  borax  may  be  used  as  a  flux,  although  not 
as  good  as  the  mixture  used   above.     The   heat  should   be   gradu- 


The  joint  is  then  heated 
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ally  raised  untH  the  brass  melts  and  runs  all  around  and  into  the 
joint,  when  the  ])iece  should  he  lifted  from  the  fire  and  thoroughly 
cleaned   by  scraping  ofF  (lie  melted  borax  and  scale.     It   is   neces 

sary  to  remove  the  borax, 
as  it  leaves  a  hard  glassy 
scale  which  is  particularly 
disagreeable  if  any  filing 
or  finishing  has  to  be  done 
to  the  joint.  This  scale 
may  be  loosened  by  plung- 
ing the  work  while  still  red 
hot,  into  cold  water.  Al- 
most any  metal  that  will 
stand  the  heat,  may  bo  bra/.cd.  (ircat  care  must  be  used  in  braz- 
ing cast  iron  to  have  the  surfaces  in  contact  properly  cleaned  to 
start  with,  and  then  properly 
protected  from  the  oxidizing 
influences  of  the  air  and  fire 
while  being  l)eate<l. 

Annealing  Copper  a  n  d 
Crass  may  be  <lone  by  licat- 
ing  the  metals  to  a  red  heat 
and  then  cooling  suddenly  in 
cold  water.  When  copper  or 
brass  is  hammered  to  any  ex- 
tent, it  becomes  hard  and 
springy  and  if  it  ha.s  to  be 
further  worked,  it  must  be  an- 
nealed or  softened,  otherwise 
it  is  almost  sure  to  split. 

Bending  Cast  Iron.  It  is 
sometimes  necessary  to 
straighten  a  casting  which  h  s 
become  warped  or  twisted. 
Cast  iron  may  be  twi.sted   or 

bent  to  quite  an  extent  if  w(;rke(l  cautiously.  The  bending  may 
generally    be  done  at    about   the  onliuary    hardening   heat  of    tool 
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steel  and  should  be  done  by  a  steadily  applied  pressure,  not  bv 
l)lows.  There  is  more  danger  of  breaking  the  work  by  working  it  at 
too  high  a  heat  than  by  working  at  too  low.  As  an  example  of  how 
iron  may  be  twisted,  a  bar  of  gray  cast  iron  one  inch  scjuare  and  a  foot 
long  may  l)e  twisted  through  about  90°.  before  it  will  break. 

Case=Hardening.  The  essential  difference  between  machine 
steel  antl  tool  steel  is  the  amount  of  carbon  that  they  contain.  If  car- 
bon be  addetl  to  machine  steel  it  will  be  turned  into  tool  steel.  Some- 
times articles  are  wanted  very  hard  on  the  surface  to  resist  wear  and 
at  the  same  time  very  tough  to  withstanil  shocks.  If  the  piece  be 
made  of  tool  steel  in  order  to  be  hard 
enough,  it  will  be  too  brittle,  and  if  made 
of  machine  steel  in  order  to  be  tough  enough, 
will  be  too  soft.  To  overcome  this  diffi- 
culty the  parts  are  made  of  machine  steel  f'^-'—^^^^^ZZp^ 
and  then  the  outside  is  carbonized  or  con-  ^~—~~-~-^]^ 
verted  into  tool  steel  to  a  slight  depth,  antl 
this  outside  coating  of  tool  steel  then  hard- 
ened. The  process  is  knowni  as  case-harden- 
ing. The  method  used  generally  consists  of 
heating  the  machine  steel  red  hot  in  contact 
witii  something  very  rich  in  carbon,  gener- 
ally   ground    bone.      The    surface  of    the 

machine  steel  takes  up  or  absorbs  the  car-     '  Z     TZT 

.  Fig-  la". 

bon  and    is   converted  into  tool  steel.     For 

more  detailed  information  the  reader  is  referred  to  "Tool  INIaking". 

Pipe  Bending.     A  piece  of  pipe  when  bent  always  has  a  tendency 

to  collapse  and  if  this  collapsing  can  be  prevented  by  keeping  the 

sides  of  the  pipe  from  spreading,  a  pipe  may  be  successfully  bent  into 

almost  any  shape.     One  way  of  doing  this  would  be  to  bend  the  pipe 

between  two  flat  plates  as  sho^Ti  in  Fig.  154,  the  plates  being  the 

same  distance  apart  as  the  outside  diameter  of  the  pipe.     In  bending 

large  pipe,  the  sides  are  sometimes  prevented  from  bulging  by  working 

in  with  a  flatter.     Where  a  single  piece  is  to  be  bent,  it  may  be  done  by 

heating  the  pipe  and  inserting  one  end  in  one  of  the  holes  in  a  swage 

block  as  shown  in  Fig.  155,  the  pipe  being  then  bent  by  bearing  down 

on  the  free  end.     As  soon  as  a  slight  bend  is  madcf  it  is  generally 
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necessary  to  lay  the  pipe  flat  on  the  anvil  and  work  clown  the  bulge 
with  a  flatter.  AMiere  many  pieces  are  to  be  bent,  a  grooved  "jig" 
such  as  shown  in  Fig.  lot)  is  sometimes  usecl.  Tiie  jig  is  of  .such  a 
shape  that  the  pipe  is  conijjletely  surrounded  where  it  is  being  ijent, 
thus  not  having  any  o])|)ortunity  to  collapse  or  bulge.     Pipe  is  some- 


Fig.  158. 

times  filled  full  of  .sand  for  bending.  This  hel]is  to  some  extent. 
Care  must  be  taken  to  see  that  the  pipe  is  full  and  that  the  ends  are 
solidly  plugged.  For  bending  thin  copper  tubing,  it  may  be  filled 
with  melted  rosin.  This  gives  very  satisfactory  results  for  this  char- 
acter of  work,  .\fter  bending,  the  rosin  is  removed  by  simply  beating 
the  pipe. 

Duplicate  Work.  WTiere  .several  pieces  are  to  be  e.xactly  alike 
in  a  .shop  that  is  not  equipped  for  special  work,  it  is  .sometimes 
practical  to  u.se  a  "ji^"  for  performing 
the  operations.  For  simple  bending  the 
"jig"  may  consist  of  a  .set  of  ca.st-iron 
blocks.  Fig.  157  illu.strates  a  simple  bend 
with  the  block  used  for  doing  the  work. 
The  work  is  done  as  shown  at  B.  The 
piece  to  be  bent  is  placed,  as  .shown  by 
the  dotted  lines,  with  the  l)ending  block 
on  top.  The_  bending  is  done  by  one  or 
two  .strokes  of  the  steam  hammer.  For 
convenience  in  handling,  the  bending  blocks  are  sometin*es  held  by  a 
spring  handle  as  shown  in  Fig.  158.  The  blocks  in  this  case  are 
for  bending  the  hooks  shown  at  A.     The  handle  is  simply  a  piece  of 
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A"  round  iron  with  tiie  ends  screwed  into  the  cast-iron  l)locks  and  iicid 
firnilvby  the  lock  nuts  shown.  This  makes  a  cheaj)  arrangement  for 
a  variety  of  work,  as  the  same  luindles  may  be  used  on  various  sets  of 
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blocks.  \Miere  a  great  number  of  pieces  are  to  be  made,  these  l)locks 
or  bending  dies  may  be  made  of  such  a  shape  that  they  can  ije  keyed 
on  the  steam  hammer  in  place  of  the  regular  flat  dies. 

Die  Forging.  Pieces  are  sometimes  shaped  between  fornied  steel 
dies  where  many  are  to  be  made  exactly  alike.  An  example  of  this 
sort  of  work  is  the  eye  bolt,  Fig.  159. 
Round  stock  is  used  and  is  first  shaped 
like  A,  Fig.  160.  The  shaping  is  done 
in  the  dies  shown  at  B,  which  arc  sim- 
ply two  small  blocks  of  tool  steel  fast- 
ened together  with  a  spring  handle, 
the  inside  faces  of  the  blocks  being 
formed  to  shape  the  piece  as  shown. 
The  end  of  the  bar  is  heated,  placed 
between  the  die  blocks  and  hanmiered 
until  it  takes  the  recpiired  .shape,  be- 
ing turned  through  about  90°  be-  Fij;-  i^' 
tween  each  two  blows  of  the  steam 
hammer,  and  the  hammering  continued  until  the  die  faces  just  touch 
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For  the  second  step  the  ball  is  flattened  to  about  the  thickness  of  the 
finished  eve  and  the  hole  punched  under  the  steam  hammer  with  an 
ordinary  punch,  leaving  the  work  as  shown  at  C.  The  final  shaping 
is  done  with  the  finishing  die  D.  This  die  is  so  sluiped  that  when  tli^ 
two  parts  are  together,  the  ht)le  left  is  exactly  the  shape  of  the  finished 
forging.  In  the  first  die  it  will  be  noticed  that  the  holes  do  not  con- 
form exactly  to  the  desired  shape  of  the  forging,  being,  instead  of  semi- 


Fig.  1G2.  Fig.  163. 

circular,  considerably  rounded  off  at  tlie  eilges.  This  is  shown  more 
clearly  in  Fig.  161  at  A,  where  the  dotted  lines  show  the  shape  of  the 
forging,  the  soUd  lines  the  shape  of  the  die.  The  object  of  the  above 
is  this:  If  the  hole  is  semicircular  in  section,  the  stock,  being  larger 
than  the  smaller  parts  of  the  hole,  after  a  blow  will  be  left  like  B,  the 
metal  being  forced  out  between  the  flat  faces  of  the  die  and  forming 
fins.     AMien  the  bar  is  turned  the.se  fins  are  worked  back  and  make  a 
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"cold  shut",  ^^'llen  the  hole  is  a  modified  .scinitiirie  the  stork  will 
be  formed  like  C,  and  may  l>e  turned  and  worked  without  danjjer  of 
"cold  shuts".  Dies  for  this  kind  of  work  are  sometimes  made  of 
cast  iron.  Wien  made  of  tool  steel  it  is  sometimes  po.ssible  to  shape 
them  hot.  A  "master"  forging  is  first  make  of  tool  steel  to  exactly  the 
shape  of  the  required  forging.  The  blocks  for  the  dies  are  then  forged 
with  flat  faces.     These  blocks  are  fastened  to  the  handle  and  then 


Fig.  1(34. 

heated  red  hot.     The  master  forging  is  then  placed  between  the  dies 
and  the  dies  hammered  down  tight  over  the  forging.     This  leaves  a 
cavity  just  the  shape  for  the  required  forging. 
MANUFACTURING. 

The  manufacturing  shop  differs  very  essentially  from  the  jobbing 
shop.  In  the  latter  .sliop  very  few  forgings  are  made  at  the  same 
time  exactly  alike,  while  in  manufacturing,  each  forging  is  generally 
duplicated  a  large  number  of  times  and  special  machines  are  used  for 
doing  the  work. 

Drop  Forges  are  used  for  cpiickly  forming  complicated  .shapes 
out  of  wrousrht  iron  or  steel.     Thev  consist,  :i-s  the  name  indicates, 
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of  a  head  that  may  he  "dropped"  from  any  desired  height  upon  the 
piece  to  be  shaped.  The  head  of  the  drop  and  the  anvil  are  in  the 
form  of  dies.  As  they  come  together  the  metal  is  forced  to  flow  so  as 
to  fill  the  interstices  and  thus  take  on  the  form  desired.  In  drop 
forging  the  metal  must  l-e  heatc<l  to  a  high  temperature  so  as  to  be  in  a 
soft  and  plastic  condition. 

A  connnon  type  of  drop  luunmer  uscti  for  this  kind  of  work  is 
is  shown  in  Fig.  1(>2.  The  hammer  in  this  case  is  fastcnc<l  to  a  board 
and  is  raised  by  the  friction  rollers  at  the  top  of  the  frame  being 
j)ressetl  against  the  l)oard.  When  the  hammer  reaches  the  top  of  the 
frame  it  is  dropped  by  releasing  the  rollers  from  the  board.     This  may 


Fig.  1().5. 

be  done  automatically  or  by  a  foot  treadle.  Drop  hammers  are  also 
built  in  the  same  general  way  as  steam  hannners.  Dies  for  drop 
forging  generally  consi.st  of  a  roughing  or  breaking-down  die  where 
tiie  rough  stock  is  first  given  appro.ximately  the  desired  shape  and  a 
smoothing  flie  when  th«!  fini.shing  is  done.  These  dies  have  in  their 
faces,  holes  of  the  same  shape  as  the  required  forging. 

Power  Hammers.  Another  tool  which  is  used  to  t|uite  a  large 
extent  in  manufacturing  as  well  as  in  the  jobbing  shop  is  the  power 
hammer.  This  is  made  in  several  different  types  and  is  used  where  a 
quick,  rapid  blow  is  wanted.  These  hammers  are  run  by  belts.  Two 
general  types  are  shown  in  Figs.  103  and  164.     The  first  is  known  as  a 
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justice  hammer.     The  second  is  a  Bradley.     Shaped  dies  are  fre- 
(liii'nily  used  on  these  hammers. 

Bulldozer.  This  is  a  tool  used  for  bending  and  consists  of  a 
hea\y  ca^t-iron- bed  with  a  block  or  bolster  at  one  end,  and  a  moving 
head  which  slides  back  and  forth  on  the  bed.  A  common  type  is 
shown  in  Fig.  165.  Hea\y  dies  are  clamped  against  the  bolster  and 
on  the  moving  head,  of  such  a  shape  and  in  such  a  way  that  when  the 
moving  head  is  nearest  the  bol- 
ster, the  shape  left  between  the 
two  dies  is  exactly  the  shape  to 
which  it  is  desired  to  bend  the 
stock.  ■  In  operation,  the  moving 
head  slides  back  and  forth  on  the 
bed.  The  bar  to  be  bent  is  heated 
and  placed  between  the  dies  •nhen 
the  head  is  farthest  from  the  bolster. 
.\  clutch  is  then  thrown  in  and  th.e 
head  moves  forward  to  the  bolster, 
bending  the  iron  as  it  goes. 

Presses  serve  the  same  purpose 
as  drop  liammers.  They  do  the  work 
more  slowly,  however.  The  class 
of  work  is,  in  some  respects,  the 
same.  The  principal  difference  lies 
in  peculiarities  of  shape  that  re- 
quire different  time  intervals  for  the 
flow   of    the    metal.       ^Miere    the 

shape  is  such  that  the  metal  must  move  slowly  in  order  to  acquire  its 
new  shape  or  fill  the  die,  the  press  should  be  used. 

Flanging  Press.  A  particular  type  of  forging  press  is  the  flanging 
press.  This  is  used  more  particularly  in  boiler  work  and  is  generally 
a  hea\y  hydraulic  press.  The  flanging  is  done  by  placing  the  heated 
metal  on  the  bed  of  the  press  and  closing  the  dies  together  by  hydrau- 
lic pressin-e. 

Cranes.  "\Miere  hea\y  work  is  to  be  handled,  it  is  necessary  to 
have  some  means  of  conveving  the  work  from  one  part  of  the  shop  to 
another.     This  is  u^ne  bv  means  of  cranes  of  two  general  types.     The 
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traveling  rrane  and  jih  crane.  Tlu'  fDrincr  type  rnns  on  an  over- 
head track  from  one  end  of  tlie  sliop  to  tlic  other,  generally.  The 
latter  type  is  used  more  commonly  for  handling  work  under  the  ham- 
mers, and  is  merely  an  arm  or  boom  swinging  around  a  po.st  and  having 
a  suitalilc  arrangement  for  raising  and  lowering  the  work.  AVhen 
handling  heavy  work,  whenever  possible,  it  is  suspended  from  the 
crane  by  its  center,  in  such  a  way  that  it  nearly  balances.    The 


Fig.  1G7. 
suspending  is  generally  done  by  means  of  an  endless  chain  such  as 
illustrated  in  Fig.  IGG,  and  in  this  way  it  may  Vje  easily  rolled  and 
swung  from  side  to  side.  For  ease  in  handling  large  forgings,  a  bar, 
or  handle  is  sometimes  welded  on.  This  is  known  as  a  porter  bar. 
Furnaces.  In  nearly  all  manufacturing  work  and  in  large  work  in 
the  jobbing  shop,  the  heating  is  done  in  furnaces.  The  heat  is  gener- 
ally supplied  by  either  hard  coal,  coke  or  oil,  coke  l)eing  more  com- 
monly employed  in  jobbing  shops.  Sometimes  ordinary  coal  is  used. 
A  furnace  u.sed  for  heating  small  work  for  manufacturing  is  shown 
in  Fig.  167.     This  may  be  used  with  either  ordi.iary  coal   or  coke. 
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Gas  Furnaces  are  used  wlien  an  even  heat  is  wanted,  particularly 
f.ir  hardening  and  tempering.  For  manufacturing  woriv  the  furnaces 
are  sometimes  fixed  to  do  the  heating  automatically.  The  pieces  to 
he  hardened  are  carried  through  the  furnace  on  an  enilless  chain 
wiiich  moves  at  a  speed  so  timed  that  the  pieces  have  just  time  enough 


Fig.  168. 
to  be  heated  to  the  right  temperature  as  they  pass  through  the  furnace. 
Such  a  furnace  is  .shown  in  Fig.  16S.     A  simple  gas  furnace  for  all 
around  work  is  shown  in  Fig.  169. 

ReAerberatory  Furnaces.  A  reverberatory  or  air  furnace  is 
a  furnace  in  which  ore,  metal  or  other  material  is  e.xposed  to  the 
action  of  flame,  but  not  to  the  contact  of  burning  fuel.  The  flame 
passes  over  a  bridge  and  then  downward  upon  the  material  spread 
upon  the  hearth.  Such  furnaces  are  extensively  used  in  shops  where 
hea\y  work  is  being  executed.  They  are  also  used  for  melting  iron 
or  other  metals.  For  this  purpose,  however,  the}-  are  not  economical 
since  they  recjuire  about  twice  as  much  fuel  as  that  u.sed  in  the  cupola 
for  the  production  of  good  hot  iron.     To  be  effecti\e  the  flame  must 
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l)P  made  to  rrvcrhrralc  from  tlit-  low  roof  of  tlie  furiiacf  down  iii)on 
tiic  hearth  and  work.  Tlie  form  of  the  roof  and  the  velocity  of  the 
currents  determines  the  hottest  part  of  the  furnace. 

A  common  form  of  revcrheratory  fmnace  is  shown  in  Fio'.  170. 
The  whole  is  lined  with  fire  brick  from  the  top  of  the  grates  to  the 
t  )p  of  the  stack.  The  fuel  is  hnrned  in  a  fire  hox  separated  from  the 
heating  portion  of  the  furnace  by  a 
low  bridge  wall  D.  Access  to  the 
grate  is  obtained  by  suitable  doors 
both  aliove  and  below.  Wien  in 
service,  both  doors  are  tightly  closed 
anrl  a  strong  forced  draft  is  admit- 
ted to  tiie  ash  pit.  Beyond  the 
briilge  wall  is  tlie  furnace  proper. 
This  usually  consists  of  a  low  cham- 
ber with  a  level  floor.  Like  the  fire 
box  it  is  completely  lined  with  a 
thick  wall  of  fire  brick.  Acce.ss  is 
obtained  to  this  chamber  through  a 
vertically  sliding  door.  These  doors 
arc  also  lined  with  fire  brick  and 
arc  usually  suspended  from  chains. 
These  pass  over  pulleys,  and  have 
counter  balancing  weights  at  the 
other  end. 

The  operation  of  the  furnace 
is  exceedingly  simple.  After  the 
fuel  has  been  charged  upon  the  grates,  the  a.sh  pit  and  furnace  doors 
are  closed;  the  material  to  be  heated  is  put  upon  the  floor  of  the  cham- 
ber; the  doors  are  closed  and  the  draft  admitted  to  the  ash  pit.  The 
thick  walls  which  surround  the  furnace  prevent  radiation  of  its  heat. 
The  fire  brick  are,  therefore,  heated  to  incandescence  and  the  hot 
gases  sweep  through  the  chamber.  The  flow  of  the  ga.ses  is  usually 
checked,  by  a  choke  damper  on  top  of  the  stack 

The  outer  form  of  these  furnaces  is  usually  rectangular.  The 
brick  walls  are  tied  together  by  stay  rods  to  prevent  bulging  and 
the  corners  are  protected  by  angle  irons. 
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The  selection  of  the  fuel  is  an  important  matter  in  the  operation 
of  these  furnaces.  Experiments  have  l)een  made  with  almost  every 
kind  of  fuel.  That  now  universally  used  is  a  soft  hituminous  coal 
that  will  not  cake. 

Steam  or  power  hammers  are  always  u.sed  in  connection  with 
these  furnaces.  The  work  is  too  larjje  and  heavy  for  manipulation 
by  hand  hauuuers. 

An  ordinarv  class  of  work  done  with  tliem  i.-  the  weldinsj  of 
slabs  from  small  pieces  of  scrap.  To  do  this  a  rouj^h  pine  hoard 
about  12  inches  wide  and  from  1.5  to  IS  inches  long  is  used.     On  it 


Fig.  170. 

is  neatly  piled  about  200  pounds  of  small  scrap  pieces.  This  material 
is  then  bound  to  the  hoards  by  wires,  and  the  whole  is  placed  upon 
the  hearth  of  the  furnace.  It  is  allowed  to  remain  until  the  whole 
mass  is  at  a  welding  heat,  '\^^len  in  this  condition,  the  plastic  surfaces 
of  the  pieces  serve  to  stick  them  together,  so  that  the  whole  mass  can 
be  handled  as  a  single  unit  by  the  tongs.  The  board,  of  course,  burns 
away,  leaving  the  metal  on  the  hearth.  The  metal  is  then  lifted  out 
and  placed  under  the  steam  hammer.  A  few  light  blows  serve  to  do 
the  welding.  After  this  heavier  blows  are  struck  and  the  mass  is 
hammered  into  any  shape  that  may  be  desired.  Usually  this  first 
hanunermg  gives  it  the  form  of  a  slab.  Slabs  thus  made  are  cut  up 
and  again  wekled  to  form  the  metal  for  the  final  shape. 

In  the  piling  of  the  metal  upon  the  board  or  shingle,  as  it  is 
calletl,  great  care  should  be  exercised.  Iron  and  steel  should  net 
be  piled  together.  Rusty  metal  should  be  cleaned  before  being  put 
in  the  pile.     Large  air  spaces  between  the  pieces  should  be  avoided. 
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The  whole  mass  should  he  packed  together  as  compactly  as  possible. 

Bolt  Headers  are  really  iipsettiiifi;  machines  that  form  the  heads 
of  holts  upon  straight  rods.  Owing  to  the  rai)idity  with  which  they 
do  their  work,  they  are  iiivariahly  nseil  for  iiiaiiiifactiiring  liolts  in 
quantities. 

Miscellaneous  Suggestions.  In  doing  work  in  the  blacksmith 
shop  it  must  be  constantly  remembereil  that  the  work  is  larger  at  the 
time  it  is  being  manipulaterl  than  it  will  be  when  cool.  Allowance 
must,  therefore,  always  be  made  for  shrinkage.  As  the  pattern  maker 
allows  for  the  contraction  of  the  molten  metal  to  the  cold  casting,  so 
the  blacksmith  must  allow  for  the  contraction  of  the  hot  iron  or  steel 
to  the  cold  forging 

The  temperatures  of  iron  at  the  several  colors,  are  as  follows: 

Ix)west  red  visible  in  dark ,S7S°  F. 

Lowest  red  visible  in  davlight 8S7°  F. 

Dull  red ". 1100°  F. 

Full  red 1370°  F. 

Light  red,  scaling  heat I.'w0°  F. 

Orange 1().50°  F. 

Light  orange 1 72.5°  F. 

Yellow 182.")°  F. 

Light  yellow 19.50°  F. 

This  table  is  based  on  temperatures  given  by  Messrs.  Taylor  and  White, 
Transactions  Am.  Soc.  of  Mech.  Engs.,  Vol.  XXI. 

From  the  above  it  will  be  seen  that  the  temperature  at  which 
forgings  are  finished  under  the  hammer,  should  be  at  about  900° 
Fahr.  When  these  same  forgings  are  cold  their  temperature  will  be 
from  60°  to  70°  Fahr.  There  is,  therefore,  a  difference  of  at  least 
840°  between  the  working  and  the  finished  temperature.  The  expan- 
sion of  iron  may  be  taken  to  average  about  .00000662  of  its  length 
for  each  increase  of  one  degree  Fahrenheit  in  its  temperature.  If  a 
bar  of  machine  steel  exactly  2  feet  long  when  cold,  be  heated  red 
hot  and  measured,  it  will  be  found  to  have  increased  nearly  \"  in 
length.  Taking  the  temperature  of  the  red  heat  as  1.370"  F.,  and 
that  of  the  cold  bar  as  70"  F.,  the  increase  in  length  would  be  1300X 
.00000662  X  24  ( length  in  inches  )  =  .206".  This  expansion  must  be 
allowed  for  wlien  measuring  forgings  red  hot. 
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ELECTRIC  WELDING  DEVELOPMENT. 


The  art  of  welding  iron  is  probably  as  old  as  the  earliest  pro- 
duction of  that  metal  by  man;  in  fact,  the  reduction  of  iron  in  the 
jiriiuitiTe  forges  demanded  the  union  by  welding  of  the  reduced 
particles,  for  no  true  fusion  could  have  resulted,  the  percentage  of 
carbon  present  being  too  low.  I'util  the  closing  years  of  the  last 
century  iron  was  the  only  weldable  metal,  if  we  except  gold  and 
jdatinuin, — too  expensive  for  common  application. 

The  fact  that  nearly  pure  iron,  so  difficult  to  melt,  becomes 
quite  plastic  at  high  temperatures,  while  the  oxide  or  black  scale 
melts  long  before  the  metal  itself  becomes  fluid,  thus  providing  a 
li(juid  flux  which  is  squeezed  out  during  the  process  of  union, 
accounts  for  the  unique  position  which  iron  held  until  recent 
years.  When,  however,  the  heating  effects  of  electric  current 
energj-,  so  perfectly  under  control,  were  applied  to  weld  metals,  a 
metal  or  alloy  which  would  not  weld  became  the  exception,  instead 
of  the  rule,  as  before.  Much  of  the  foriher  work  of  the  smithy 
tire  is  now  accomplished  by  the  electric  welding  transformer,  and 
although  many  metals  are  easily  manipulated  by  the  electric  proc- 
ess, iron,  of  course,  still  occupies,  as  ever,  the  principal  place. 

The  electric  weld  is  becoming  a  more  and  more  important 
factor  in  many  industries.  During  recent  years  the  extension  of 
its  application  has  been  steady,  and  each  year  has  witnessed  its 
entrance  into  new  fields.  Sometimes,  indeed,  new  maniifactures, 
or  new  ways  of  obtaining  results  have  been  based  upon  its  use. 
The  electric  welds  under  consideration  are  the  results  of  that  oper- 
ation of  uniting  two  pieces  of  metal  by  what  is  known  as  the 
Thomson  process,  first  brought  out  by  the  writer  and  rendered 
available  in  commercial  practice  a  considerable  number  of  years 
ago.  The  rapidity,  flexibility,  cleanliness,  neatness,  accuracy,  and 
economy  of  the  electric  process  has  won  for  it  such  an  important 
standing  in  the  arts  that  many  future  extensions  in  its  application 
are  assured. 


Note:  This  article  by  Prof.  Elilni  Tliomson,  tlie  inventor  of  tlie  sys- 
tem of  Electric  Welding,  first  appeared  in  Cassiers'  Magazine,  and  is  here 
renriuted  by  special  penuissiou. 
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The  Tiniformity  of  the  work,  the  control  of  the  operation,  the 
extreme  localisation  of  the  heat  to  the  particular  pjirts  to  he 
united,  and  the  fact  that  the  process  is  not  limited  to  iron  and 
steel,  but  can  deal  equally  well  with  other  metals,  such  as  copper, 
brass,  bronzes,  and  even  lead,  are  characteristics  of  the  electric 
weldincr  operation. 

The  Electric  Welder.  In  its  simplest  form,  an  electric 
welder  consists  of  a   special  transformer,  the  primary  circuit  of 


ELECTRIC  WELDIXG  MACHIXE  Fl  )f;  IlldV   AMI  STEKL  PIPE. 

which  receives  current  from  an  electric  station  or  dynamo  gener- 
ator, at  a  voltage  usually  from  one  hundred  to  five  hundred 
times  that  required  to  make  a  weld.  The  copper  secondary  circuit 
of  the  transformer  is  generally  only  a  single  turn  of  very  large 
section,  so  that  it  may  develop  an  extremely  heavy  current  at  from 
two  to  four  volts, — an  electric  pressure  so  low  that  it  cannot  give 
the  least  effect  of  shock,  and  one  for  which  there  is  no  difficulty 
in  securing  perfect  insulation.  The  work  pieces  are  held  in 
clamps  or  vises,  attached  to  or  carried  upon  the  terminals  of  the 
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ELECTRIC  TIREWELDINO  MACHINE. 


single-turn  Sfcoiidary  circuit.  The  control  of  the  clamping  devices 
and  tile  current  switch  is  either  manual,  or,  in  some  cases,  entirely 
automatic.  Without  attempting  to  enumerate  the  many  applica- 
tions of  electric  welding  in  the  arts,  we  niay  refer  to  a  few 
examples. 

Applications.  In  the  waggon  and  carriage  industry  the  proc- 
ess is  applied  in  the  production  of  tires  of  all  sections,  axles,  hub, 
spoke  and  sand  bands,  fifth  wheels,  shifting  rails,  steps,  shaft  iron, 
etc.,  while  it  has  found  a  large  use  in  the  welding  into  continuous 
strips  or  bands  of  the  wires  inclosed  in  rubber  tires  for  holding 
them  in  place.  The  larger  part  of  the  dash-frames  used  in  car- 
riages in  the  United  States  are  now  probably  made  by  electric 
welding,  while  iron  and  steel  agricultural  wheels  are  built  up,  or 
have  tiieir  parts  united,  by  electric  welds. 

To  enumerate  the  many  ap[)lications  to  the  bicycle  industry 
would  be  almost  to  catalogue  most  of  the  metal  parts  of  this  use- 
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fill  macliine.  It  must  be  borne  in  mind,  too,  that  a  welding 
machint,  sliplitly  modified,  is  equally  applicable  for  locally  heat- 
ing parts  in  eU'ctric  brazing  or  hard  soldering,  for  upsetting,  and 
for  ])ending  or  shaping.  Bicycle  crank  luuigers,  ju'dals,  seat-posts, 
fork  and  fork  ends,  frames  and  brake  parts  thus  become  products 
in  which  the  welding  transformer  has  its  part.  It  has  found  a 
useful  field  also  in  tool  manufiicture,  such  as  drills,  reamers,  taps, 
baud  and  circular  saws,  drawing  knives,  carpenter's  squares, 
printer's  chases,  etc.,  etc.,  and  electric  welding  has  a  closely  related 
use  in  the  production  of  machine  parts.  Cam  shafts  and  crank- 
shafts are  made  from  drop  forgings  welded  together,  teeth  are 
inserted  into  gear  wheels,  and  teeth  are  welded  to  saw  bodies, 
including  stone  saws.  Such  things  as  inking  rolls  in  ])rinting 
machines  and  fallers  for  looms  are  additional  examples. 

In  the  wire  industry  the  part  played  by  electric  welding  is 
already  quite  important,  and  beconu^s  steadily  more  so.  Besides 
the  mere  simple  joining  of  wires  of  iron,  steel  or  copper  into  long 
lengths,  the  welding  of  wire  or  strip  into  hoops  for  barrels,  tubs, 
pails,  etc.,  is  supplanting  the  older  forms.  Numerous  machines 
are  in  operation  turning  out  electrically-welded  wire  fence,  much 
as  a  loom  turns  out  cloth.  In  pipe  bending  and  coiling,  as  in 
uniting  ordinary  lengths  of  pipe  into  very  long  lengths  without 
screw  joints,  the  electric  weld  has  a  special  adaptability.  Hun- 
dreds of  miles  of  street  railway  rails  have  been  welded  into  contin- 
uous lengths  and  now  exist  in  many  cities.  Where  rails  are 
bonded  only,  the  electric  welder  assists  in  the  production  of  brazed 
or  welded  bonds. 

It  is  a  wide  range  between  buckles,  typewriter  bars  and 
umbrella  rods  to  the  local  annealing  of  armour  plates  on  warships, 
but  the  electric  welder  covers  that  range.  It  is  no  wider,  how- 
ever, than  that  from  fine  wires  of  a  diameter  of  one-fiftieth  of  an 
inch  up  to  heavy  steel  wire  for  the  armour  of  submarine  cables, 
and  again  up  to  street  railway  rail  joints. 

In  recent  years,  elaborate  machinery,  for  the  actual  produc- 
tion on  a  large  scale  of  steel  tubing  from  flat  stock  or  skelp  by  the 
progressive  welding  of  a  longitudinal  seam,  has  been  put  into 
operation.  The  long  strip,  or  skelp,  is  rolled  up  so  that  its  edges 
meet.     In  this  condition  it  enters  between  the  welding  rolls,  which 
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WELDING  MACHIXE  FOR  LARGR  TUBES  OR.  SHELLS  UP  TO  16  IXCHES 
IN   DIAMETER. 

pass  the  heating  current  locally  across  the  edges  to  weld  them,  and 
the  operation  is  progressive  from  one  end  of  the  pipe  to  the  other 
as  it  is  fed  into  the  machine.  The  result  is  a  pipe  of  which  the 
walls  are  of  even  thickness  and  the  diameter  uniform.  This  pipe 
can  be  .itterward  drawn,  if  needed,  to  the  exact  size  desired.  Very 
thin  pipe  can  be  made  of  steel,  the  longitudinal  seam  or  weld  in 
which  is  a  deli>^ate  bead  along  the  length. — a  beautiful  product, 
for  the  extreme  localisation  of  the  heat  has  allowed  preservation  of 
surface  and  finish  of  the  metal  outside  the  joint.     Taper  tubes, 
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such  as  are  used  for  bicycle  front  forks  and  the  like,  are  easily 
made. 

A  similar  machine  for  large  work  has  lately  been  constructed, 
and  by  its  use  largo  diaiueter  tubes  or  shells,  up  to  10  inches  in 
diameter,  are  produced  fro'u  sheet  steel  or  iron.  The  accompany- 
ing illustration  shows  such  a  machine  ready  for  operation.  The 
welding  transformer  is  at  the  top  of  the  machine,  and  the  second- 
ary circuit  has  for  its  terTiiinals  two  copper  rolls  inclined  to  each 
other  on  two  nearly  horizontal  shafts  adjustable  in  ])osition  over 
the  work.  Below  are  the  guide  rolls,  one  on  each  side  on  vertical 
shafts,  and  between  these  the  shell  to  be  welded  passes  with  its 
meeting  edges  uppermost  and  in  contact  with  the  copper  contact 
rolls.  As  the  metal  shell  jiasses  along  under  these  rolls  the  joint 
is  progressively  heated  by  the  welding  current  crossing  it,  and  the 
weld  is  finished  by  the  side  pressvire  of  the  guiding  rolls.  The 
|)rocess,  as  well  as  the  resulting  welded  product,  is  unique. 

For  a  considerable  time  past,  welding  machines  have  been 
ap[)lied  to  the  production  of  bands  or  tires  from  stock  of  varying 
width,  thickness,  and  sectional  form.  IMore  recently  the  practice 
of  welding  j)lain  bands  or  cylindrical  rings,  and  afterwards  rolling 
ihem  with  the  form  of  section  desired,  has  been  largely  adopted; 
such  as,  for  example,  in  the  j)roduction  of  automobile  wheel  rims, 
hands  for  roving  cans,  stove  rings,  etc. 

Very  different  from  this  is  the  formation  of  crankshafts,  now 
demanded  in  great  numbers  for  engines  of  automobiles.     These 

are  made  from  drop  forgings  and 
2     ^  round  shaft  stock  by  uniting  the 

pieces,  as  in  the  annexed  sketch, 
and  afterwards  lightly  machin- 
ing  and  tiuishing  the  approxi 
mately  correct  shaft,  as  produced  by  welding. 

Besides  the  banding  of  wire  or  strip  of  such  comparatively 
frail  contain' ng  vessels  as  barrels  or  pails,  the  electric  weld  linds 
application  in  the  forming  and  capping  of  metal  vessels  for  with- 
standing high  pressures,  such  as  soda-water  cylinders,  carbonic 
acid  reservoirs,  and  steel  bottles  for  nitrous  oxide  gas. 

One  of  the  most  interesting  of  the  more  recent  applications  ia 
that  of  welding   hollow  steel   handles  on  cutlery,  such   as  table 
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ELECTRIC  KAIL  WELDING  ON  STREET  RAILWAYS. 

knives  and  forks.  The  operation  is  remarkable  for  the  celerity 
and  neatness  of  the  work,  the  articles  being  finished  by  silver- 
plating  and  polishing,  as  usual.  The  hollow  handle  is  drawn  from 
thin  steel,  and  united  to  the  knife  blade  or  to  the  fork,  as  the  case 
may  be,  in  a  special  welding  machine,  there  being  no  brazing  or 
other  operation  of  joint-forming  required.  There  is,  indeed,  no 
limit  to  the  delicacy  of  the  work  which  may  be  undertaken,  pro- 
vided only  the  welding  apparatus  is  equally  refined. 

Adjustments.  In  the  simpler  types  of  electric  welders, 
especially  where  the  machine  is  designed  to  do  a  variety  of  work, 
perhaps  of  different  forms  or  sizes  of  pieces,  or  both,  the  adjust- 
ments are  usually  manual;  that  is  to  say,  the  operations  of  clamp- 
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ing  the  pieces  and  applying  the  electric  current  and  mechanical 
pressure  are  each  controlled  by  the  operator.  In  other  cases,  such 
as  in  the  welding  of  copper  or  aluminium  wire,  the  machine  is,  at 
least  in  part,  automatic.  The  pressure  is  automatically  applied 
and  the  welding  current  is  cut  off  automatically  upon  the  com- 
pletion of  the  joint;  the  placing  of  the  pieces  in  the  clamps  and 
the  switching  on  of  the  current  is  in  this  case,  manuallv  per- 
formed. 

In  other,  more  completely  automatic,  types,  particularly 
adapted  for  rapid  repetition  of  the  same  operation  on  identical 
pieces,  the  machine  runs  continuously,  and  its  sequence  of  actions 
is  detiuitely  determined  by  the  construction.  In  such  cases  a 
source  of  power,  as  by  a  belt,  drives  the  machine,  the  movement 
so  imparted  having  the  effect  of  clamping  the  pieces  as  they  are 
fed  to  the  machine,  putting  on  the  current,  applying  the  pressure, 
cutting  off  the  current  and  releasing  the  pieces. 

The  mechanism  which  has  been  developed  for  these  purposes 
displays,  in  many  instances,  much  ingenuity.  In  these  machines 
the  duty  of  the  attendant  is  limited  to  the  mere  placing  of  the  pieces 
between  the  clamping  jaws,  just  before  they  are  clamped,  and  the 
work  is  characterised  by  rapidity  and  by  uniformity  of  the  results. 

More  completely  automatic  still  are  machines  for  the  produc- 
tion of  wire  fencing  and  for  the  consecutive  welding  of  the  links 
of  chains.  In  these  the  operation,  once  started,  goes  on  uninter- 
ruptedly so  long  as  the  work  holds  out,  or  until  the  stock  under- 
going operation  is  exhausted.  In  the  fence  machines,  of  which 
fifteen  are  now  in  existence,  galvanised  iron  wires  are  fed  from 
reels  parallel  to  one  another,  at  distances  apart  depending  on  the 
mesh  desired.  These  may  correspond  to  the  warp  in  weaving. 
Transversely  to  these,  and  at  intervals  corresponding  to  the  mesh 
selected,  are  fed  wires,  cut  from  a  reel,  which  transverse  wires  are 
the  verticals  in  the  finished  fence  itself  and  correspond  to  the  weft 
in  weaving.  A  series  of  small  welders  are  automatically  brought 
into  operation  to  weld  each  transverse  wire  to  the  longitudinals 
where  the  two  cross.  This  done,  the  web  so  formed  moves  for- 
ward, the  operation  repeats  itself,  and  so  on  continuously.  The 
welding  is,  in  this  case,  practically  instantaneous,  and  all  of  the 
movements  of  the  machine  are  entirely  automatic. 
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In  tliis  way  it  is  possible  for  <a  single  machine  to  turn  out 
nmny  thousands  of  feet  of  fencing  per  day  with  a  width  of  mesh 
from  2  or  H  inches  np.  Less  wire  is  used  than  where  the  joints 
are  made  by  twists  or  loops,  and  the  stability  or  fixedness  of  posi- 
tion of  sufh  joints  as  are  made  is  much  more  assured. 


ELECTRIC  CHAIN-WELDING  MACHINE. 

Joints.  "While  in  most  eases  of  electric  welding  the  joint 
forms  what  is  known  as  a  butt  weld,  with  a  burr  or  extension  of 
metal  at  the  joint,  which,  according  to  conditions,  is  either  allowed 
to  remain  or  is  forged  down  or  dressed  off,  there  is  no  difficulty  in 
making  lap  welds  electrically,  and  some  of  the  recent  work  of  the 
electric  welder  is  of  that  character.     While,  too,  the  usual  welding 
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coneerus  pieces  of  the  same  metal,  as  iron  to  iron,  steel  to  steel,  or 
coj)per  to  copper,  combination  welds  of  different  metals  are  made 
with  facility  in  many  cases,  as  when  brass  and  iron  are  united. 

In  the  working  of  hiijh-carbon  steels  the  usual  precautions  to 
prevent   burning  or  injury  to  the   metal   are,  of  course,  required; 


ROLLS  OF  KLECTKICALLY-WELUED  WlKi,  l'KN(  E. 

but,  on  account  of  the  delicacy  of  heat  control,  they  are  more  easily 
adopted. 

Quite  recently  automatic  chain  welders  have  been  put  into 
use,  and  electrically-welded  chain  work  will  probably  soon  attain 
an  importance  not  second  to  the  other  principal  applications 
which  have  been  briefly  described. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompan3'ing  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service,  or 
Engineer's  License.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  this  work. 
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PART  I 


1.  What  are  limit  gauges  ? 

2.  Wlien  are  calii:)ei-s  used?  and  lunv  are  tliey  set? 

3.  If   there    are   40   threads,  per   inch   on    tlie    micrometer 
screw,  wliat  is  tlie  reading  of  this  micrometer? 


4.  Wliat  is  a  soft  hammer,  and  when  is  it  used? 

5.  Wliat  is  a  chuck  drill? 

6.  Wliat  methods  are  used  for  cleaning  a  file? 

7.  How  should  a  file  be  held  for  line  filing? 

8.  Describe  the  surface  gauge. 

9.  Describe  the  micrometer  calijjei-. 

10.  Describe  two  common  forms  of  chi.sel,  and  stiite  under 
what  conditions  they  are  used. 

11.  Why  is  not  the  cutting  surface  of  a  file  perfectly  dat? 
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12.    Give  tlie  readinor  of  the  microineter  caliper  wlicu  in  the 
position  shown. 


18.  What  methods  are  used  for  liolding  a  file  for  filing  largt 
surface.s  ? 

14.    l)e.scril)e  the  twist  drill. 

1.>.    What  i.s  a  vernier '/ 

It!.  What  is  tlie  reading  of  the  vernier  mieronieter  oali|)ei 
wlien  in  the  positions  shown'/ 


17.  What  is  the  result  when  the   lips  of  the  twist  drill  are 
of  unequal  length  ? 

18.  .When  are  reamers  used? 

19.  How  much  less  should  the  diameter  of  the  drilled  hole 
be  than  finish  size  if  a  reamer  is  to  be  used? 

20.  Explain    the    methods    of    cutting   screw    threads    with 
a  die. 

21.  V/hat  advantage  has  an  adiustable  reamer  over  a  solid 
reamer? 


REVIE"U^    QUESTIONS 

OX    THBJ     SOBJKCT     OF* 

M  A  C  II I  ISr  E    SHOP    W"  O  R  Iv 

PART  II 


1.  What  is  a  mandrel  ? 

2.  Describe  the  rise-and-fall  rest. 

8.  How  long  ■will  it  take  to  turn  a  chip  18  inches  on  a  shaft 
24  inches  long  and  3i  inches  in  diameter  i* 

Assume  cutting  speed  20  feet  per  minute. 
Assume  feed  -^^  inch  per  revolution. 

4.  Describe  the  process  of  making  a  taper  fit. 

5.  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the  ratio 
of  gears  to  be  used  to  cut  a  screw  with  18  threads  per  inch? 

G.  Describe  the  process  of  bringing  the  countei'sink  back 
to  center. 

7.  For  what  purpose  is  the  back  gear  of  a  lathe  ? 

8.  Describe  some  method  of  adjusting  pieces  to  center. 

9.  Describe  the  shapes,  and  state  the  uses  of  the  following 
lathe  tools :  Diamond  point,  side  or  facing  tool,  parting  tool,  and 
square-nosed  tool. 

10.  Why  are  lubricants  used  in  turning? 

11.  Describe  the  method  for  finding  the  clearance  for  a  tool 
for  cutting  square  threads. 

1 2.  On  account  of  not  having  the  proper  gears  at  hand  com- 
pound gears  must  be  used.  The  lead  screw  has  4  threads  per 
inch,  and  a  screw  having  9  threads  per  inch  is  to  be  cut.  The 
gears  chosen  for  drivers  are  of  24  teeth  on  the  spindle  gear  and 
30  on  the  intermediate.  What  gear  should  be  used  for  the  inter- 
mediate driven  if  the  screw  gear  has  60  teeth  ? 
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13.  Desciilie  tlie  U.S.  Stiimlanl  Uireiid. 

14.  Describe  the  steady  rest. 

15.  How  would  you  adjust  a  piece  to  center  if  the  hole  must 
be  run  true  ? 

16.  Why  should  a  boring  tool  luive  more  cleaniiice  than  a 
turning  tool?     Explain  with  sketch. 

17.  Explain  tlie  metiind  of  turning  a  taper  by  setting  tlie 
tiiilstock  over. 

18.  In  wliat  direction  does  the  carriage  run  when  cutting  a 
riglit-hand  tiircad  ? 

10.  A  screw  of  14  threads  is  to  be  cut  in  a  lathe  having  a  lead 
screw  of  3  threads  i)er  inch.  Compound  gears  are  to  be  used. 
The  gears  available  have  20,  30,  40,  60,  60,  70,  and  80  teeth. 
What  ones  are  to  be  used  and  where  ? 

20.  How  is  motion  transmitted  from  the  cone  pulley  of  a 
drill  press  to  the  drill  ? 

21.  How  is  motion  transniitt<Ml  from  tlie  spindle  to  tlie  Iciul 
screw  ? 

22.  Descrilie  clciirancc  and  rake  as  applied  to  a  lalhe  tool. 
Give  approximate  values  in  degrees  for  cutting  steel. 

23.  Shouhl  a  tool  for  turning  bniss  have  rake  ?     Why  ? 

24.  The  end  of  a  piston  rod  is  to  lie  turned  tapering.  The 
piston  rod  is  28  inches  long ;  the  tiipered  portion  is  to  be  3  inches 
long.  The  diameters  of  the  taper  are  to  l)e  2J  inches  and  21 
inclies.     How  much  must  the  tail  block  be  set  over  ? 

2.5.  Suppose  the  lead  .screw  of  a  lathe  has  4  threads  per  inch 
and  we  wish  to  cut  11  threads  per  inch.  The  gear  on  the 
spindle  h;is  20  teetii.  ^V^lilt  gear  should  he  chosen  for  the  lead 
screw  '! 

26.  What  is  a  universal  radial  drill  ? 

27.  In  what  ways  is  a  twist  drill  preferable  to  a  flat  drill? 
How  is  the  drill  made  to  turn  with  the  spindle  ? 

28.  Describe  the  universal  chuck. 

29.  Why  should  not  a  tool  be  .set  too  high  ? 

30.  How  long  will  it  take  to  turn  a  clii))  from  a  shaft  87 
inches  long  .5*  inches  in  diameter? 

Assume  cutting  speed  23  feet  jiei-  minute. 
Assume  feed  of  ^^  inch  per  revolutiou. 
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PART  ni 


1.    What  is  iiitercliangeable  work? 

'J.    Explain  the  method  of  grinding  valves. 

o.    What  is  pickling? 

4.  In  what  direction  relative  to  tlie  motion  of  the  cnlter 
should  the  work  on  a  milling  machine  be  led  ? 

•").    What  is  the  difference  between  jjcning  and  bending? 

G.  What  is  the  difference  in  the  rates  of  revolution  giveij 
for  surface  milling  of  cast  iron,  with  a  surface  milling  cutter  dj 
inches  in  diameter,  according  to  Addy's  rule  and  the  Brown  & 
Sharpe  table  ? 

7.  What  are  the  principal  uses  of  the  grinding-machine  ? 

8.  What  is  a  surface  plate  ?  Describe  tlie  process  of 
making. 

9.  Describe  the  hydrostatic  level. 

10.  What  is  the  safe  rate  of  revolution  of  an  emery  wheel  5 
inches  in  diameter,  if  its  surface  sjieed  is  not  to  exceed  4,0U0  feet 
j5er  minute  ? 

11.  A  surface  of  cast  iron  is  to  be  finished  in  one  cut  on  the 
milHng  machine.  The  casting  is  8  inches  long  and  5  inches  wide. 
The  milling  cutter  has  a  diameter  of  3  inches  and  the  width  of  2 
inches.  How  long  will  it  take  to  do  the  work  ?  Assume  feed  of 
2i  inches. 

12.  What  is  a  lap  ?     Of  what  metal  should  it  be  made? 

13.  How  may  a  permanent  joint  l)e  made? 

14.  Describe  in  a  general  way  the  setting  of  a  machine. 
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15.  What  should  be  the  diameter  of  a  piece  as  it  comes  from 
a  lathe  if  it  is  to  be  giound  to  a  diameter  of  4  inches? 

Itj.  Accoixiiiig  to  Addy,  how  long  would  it  take  to  mill  a 
cast  iron  surface  18  inches  long,  and  Iti  inches  wide,  witii  a  mill- 
ing cutter  6  inches  in  diameter  and  3  inches  wide. 

IT.    How  is  a  surface  picpared  for  laving  out  work  '1 

IS.    How  are  temporary  joints  made? 

19.  How  many  horse-power  may  be  safely  transmitted  by  a 
single  belt  8  inches  wide,  running  over  a  3(3-inch  pidley  which 
makes  175  revolutions  per  minute  ? 

20.  State  some  of  the  uses  of  the  milling  macliiiie. 

21.  How  are  case-hardened  pieces  usually  finished  ? 

22.  What  tools  are  used  for  laying  otit  work?  Kxplain  the 
function  of  each. 

23.  Wliy  shouhl  a  lathe  or  planer  tool  work  beneath  the 
surface  of  a  casting  ? 

24.  How  may  the  power  transmitted  b\-  the  belt  in  Question 
10  Itc  increased  to  32  hoi-se-i)ower  ? 

25.  According  to  Addy"s  rule,  what  should  be  the  speed  of 
a  milling  cutter  8  inches  in  diameter  when  working  in  cast  iron  ? 

2t).  Which  is  preferable  for  high  polish,  new  or  old  enier^- 
cloth?     Why? 

27.  If  the  feed  is  1.5  inches  per  minute,  how  long  will  it 
tiike  to  cut  a  groove  2  inches  wide,  4  feet  long,  |  inch  deep  ? 
The  material  is  soft  machinery  steel,  and  the  milling  cutter  is  2j 
inches  in  diameter  :ind  1|  inches  wide. 

28.  Should  work  be  calipered  while  at  rest  or  while  in 
motion  ? 
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l^ORCilNG 

1.  Make  a  sketch  and  show  all  dimensions  of  a  lioisting  hook 
for  a  load  of  2,000  ll-s. 

2.  \Miat  is  the  essential  dirt'evenee  between  tool  steel  and 
wrought  iron? 

3.  AVliat  is  shrinking? 

4.  AMaat  three  materials  are  commonly  used  in  forge  work? 

5.  Give  two  methods  of  measuring  the  amount  of  stock  re- 
quired to  make  a  scroll. 

6.  How  much  would  the  crank  shaft  shown  in  Fig.  S2  weigh, 
hefore  any  machine  work  was  done  on  it,  if  |"  be  allowed  for  finish 
on  all  surfaces  where  called  for? 

7.  How  is  a  lead  bath  used,  and  what  is  the  advantage  in  ten'- 
pering? 


8.  ^^'hat  length  of  stock,  V'  in  diameter,  is  required  to  make 
a  ring  3"  inside  diameter?     No  allowance  for  welding. 

9.  Wiat  is  meant  by  the  term  "allowance  for  fini.sh"? 

10.  Wliat  is  annealing? 

11.  How  does  brazing  differ  from  welding? 

12.  ^^^lat  is  the  tuyere? 

1 3.  If  two  plates  are  to  be  riveted  together  as  tightly  as  possible, 
shoidd  heavy  or  light  blows  be  used? 

14.  WHiat  is  meant  by  "the  hardening  heat?" 

15.  Make  a  sketch  shov^•ing  what  dimensions  the  forging  shown 
in  Fig.  78  would  have  if  \"  finish  were  allowed  all  over. 

16.  Of  what  does  welding  consist? 

17.  WTiat  precautions  must  be  taken  when  forging  a  round  Uv 
to  a  point? 


FORGING 


IS.  Three  pieces  of  too'  steel  are  heated  to  the  hardening  Iieat; 
the  first  is  cooled  in  water,  the  second  in  oil,  and  the  third  is  allowed 
to  cool  in  the  air.     Wiat  will  he  the  relative  hardness?     Why"' 

10.     How  are  tongs  fitted  to  work? 

20.  Make  a  sketch  and  show  all  dimensions  of  a  hexagonal 
head  holt  }"  x  S". 

21.  How  is  the  final  hardness  of  steel  affected  hy  the  rate  of 
cooling? 

22.  If  a  tap  is  broken  off  in  a  piece  of  work,  the  work  is  wanted 
in  a  hurry,  and  it  is  necessary  to  anneal  the  piece,  how  can  the  anneal- 
ing be  done? 

23.  Wliat  is  brazing? 

24.  How  much  would  an  anvil  marker!  :j  —  2  -  10  weigli? 

25.  ^Yhv  are  scarfs  u.sed  in  welding? 

2().     Why  are  springs  hardened  and  temj)ered  ni  oil? 

27.     Why  is  borax  a  better  flux  than  sand? 

2S.     What  are  the  characteristics  of  a  good  forge  coal? 

2'.l.     What  determines  the  size  of  tlie  grain  in  hardened  steel? 

oO.     What  is  the  down  tlraft  .system? 

.j1.     What  is  meant  by  scarfing? 

32.  WTiat  is  meant  by  clearance  on  lathe  tools? 

33.  ^^^^at  is  a  flux,  and  why  is  it  used  in  welding? 

34.  How  are  steam  hammers  rated? 

35.  Why  .should  the  ends  of  pieces  to  be  welded,  be  upset? 

36.  (a)  What  do  you  understand  to  be  meant  by  an  oxidizing 
fire?     (b)     What  do  you  understand  to  be  meant  by  a  reducing  fire? 

37.  In  making  an  .S  wrench,  which  is  preferable;  to  forge  the 
jaws  separately  and  then  weld  on  tiie  liandle,  or  to  cut  the  jaws 
from  a  solid  piece  of  metal  and  draw  down  the  material  between 
diem  to  the  pn)per  size  for  the  hanille? 

38.  Explain  the  inethoi!  of  making  a  ladle  shank  in  such  a  way 
that  no  welds  are  necessary  in  its  construction, 

39.  Describe  with  sketches  the  s(j-called  commercial  method 
of  forging  a  crank  shaft. 
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«;/<■   nuiiihvni  i>l  this  vohimv  will  be  found  al  the  Iwtlom   oj  Ihr 
imges;  Ike  numbers  at  the  top  refer  only  to  the  section. 
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Ancle  well! 
Aimealinj.'  steel 


Artificial  light iiig 


Backlasli 

Ball  iiene  liamiiier 

Band  riiif; 

BehiuK 

Bench  miller 

Bevel 

Blast 

Bolt-cutter 

Boring 

Boring  tools 

Box-rule 

Butt  weld 


Caliper  s(iuaro 

Calipers 

Cams,  cutting  of 

<  ape  chisel 

Center  chisi^ls 

Center  ptuich 

I'enter  stjuaro 

Chain  links 

Chasing 

Chipping 

Chuck-drills 

Chucks 

Cleft  or  split  weld  for  heavy  stock 

Cold  chisels 

Cooper- Hewitt  light 

Cross  ]>ene  hammer 
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Cutlers 

288 
330 

end  mills 

insert  e<l-t(»oth 

163 
161 

271 

plain  milling 

163 

259 

screw  slotting 
side  milling 

158 

i5y 

<'utting  speed  of  lathe  tools 

104 

IfiO 

Cutting  tools 

3n 

1  1 

b<>lt-cutter 

70 

2X4 

chisels 

39 

210 

chucks 

83 

167 
10 

dies 
drills 

67 
50 

270 

files 

43 

70 

lalhe 

73 

114 

reamers 

58 

102 

screw  cutting 

116 

14 

taps 

61 

2S4 

templets 

D 
Diamond  point  chisel 

70 
40 

23 

Die  forging 

355 

21 
ISO 

Dies 
Dividers 

67 
20 

40 

Drawfiliug 

47 

40 

Drill  press 

121) 

12 

Drilling  hard  metals 

203 

17 
2S3 

Drilling  in  the  lathe 
Drills 

126 
50 

123 

grinding  of 

56 

42 

luhricaticm  of 

55 

SI 
83 
288 
207 

Sliced  of 
Duplex  milling  machine 

E 

56 
173 

264 

Eccentric  turning 

1  1  1 

11 

Electric  liglitiug 

201 

387 
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ine-shop   service 

Forged  work,  calculalioii  of  stock 

for 

219-23;i 

ladle  shank 

326 

Kicclric  welder 

368 

lever  with  boss 

320 

adjust  iiienis 

»73 

molder's  trowel 

326 

Electric  weldiiv,-  doM-lopin 

lent                   :iG7-3-6 

multiple-throw  cranks 

318 

applications 

369 

socket  wrenches 

324 

joints 

375 

three-throw  crank 

319 

Kniery  cloih 

48 

weight  of  forging 

313 

Knd  mills 

163 

weldless  rings 

310 

Knfrine  lathe 

7fi 

wTcnches 

322 

Kxiiandiiij;  iiianilirls 

87 

Forging 

267-364 

|.- 

amiealing  copiht  and  brass 

352 

l>ending  cast  iron 

352 

Fattot  »el.l 

L'80 

brazing 

330 

Files 

43 

case-hardening 

353 

FilinK  templet 

70 

dies 

355 

Finishing;  metal 

293 

duplicate  work 

354 

Fit  tins  brasses 

^O.l 

hea\T 

Fitting  tonps 

273 

connecting  rod 

349 

Fi.xed'Kaufies 

33 

hammer  chisels 

346 

Flat  chisel 

39 

hammer  dies 

345 

Flat  drill 

r.o 

s<iuaring  up  work 

348 

Flat  squan' 

1.-. 

steam  hanuners 

344 

Flat  or  washer  riiin 

2K4 

tongs 

340 

Flatters 

274 

tools  used  in 

347 

Fluting  rollers 

207 

inanufactiuing 

357 

Fluxes 

279 

l)olt  headers 

364 

Force 

268 

bulldozer 

359 

Forge  shop  equipment 

268 

wanes 

359 

anvils 

271 

drop  forges 

357 

blast 

270 

flanging  press 

359 

llres 

276 

furnaces  for 

360 

fitting  tongs 

273 

ixiwer  hammers 

358 

flatters 

274 

presses 

.359 

forge 

268 

materials 

267 

fuel 

276 

pipe  Ijending 

353 

fullers 

275 

shrinking 

349 

hammers 

270 

simple 

set  hammers 

274 

bolt  tongs 

309 

sle<Iges 

271 

bolts 

304 

stock 

277 

chain  hooks 

302 

swage  blocks 

275 

eye  bolts 

301 

swages 

274 

forming  shoulders 

30O 

tongs 

272 

hoisting  hooks 

303 

Forged  work,  calculation  of 

stock  for           310 

ladles 

309 

crank  shaft; 

316 

light  tongs 

308 

finish 

314 

pick-up  tongs 

309 

knuckles 

322 

tongs 

307 
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Forging 

J 

simple 

Jig 

lou^s  for  rouml  st<»ck 

MS 

Jump  weld 

twisted  sale'lKX* 

•j'jn 

upset  head  IkjIIs 

:!0,") 

K 

»clde<l  head'ljolts 

:!06 

Key  seat  rule 

stock  for  bent  sliapcs 

■290 

weldinp 

■J7S 

L 

Forging  heat 

331 

Lap  weld 

Forging  operations 

292 

Lathe 

tiend  witit  S(]iiare  forged  cor-  ■ 

29S 

adjusting  pieces  to  center 

drawing  out 

293 

centering  finished  work 

I'mishin'j 

293 

centering  work  on 

pointing  round  stock 

293 

drilling  in 

puncliing 

296 

Lathe  dogs 

ring  and  eye  landing 

297 

Lathe  tools 

sliaping 

292 

boring 

truing  up  work 

294 

cutting  sjieed  of 

upsetting 

295 

tiu-ning 

Ftillers 

275 

Ijead  baths 

G 

Limit  gauges 
Lining  shafting 

ticars,  cuttmg  oi 

1S8 

iApe  tool  post 

(Ttiurating  a  surface  plate 

204 

Locomotive  taper 

Uriniliiig  drills 

56 

Lubrication  of  drills 

(truiding  machine 

190 

Cirinding  valves 

203 

M 

H 

Madiine  setting 

Ihimiiiers 

n 

Machine  shop  work 

H;iiid-rhasing 

125 

laying  out 

11,  ibl-operated  tools 

11 

shop  suggestions 

l«-vel 

16 

tools 

center  punch 

12 

.Macliinisfsljench 

center  square 

17 

Mandrels 

flat  square 

15 

Measuring  tools 

hammers 

11 

calipers 

prick  pimch 

12 

dividers 

protractor 

17 

fixed  gauges 

scratch  awl 

13 

limit  gauges 

straight  edge 

14 

micrometer  caliper 

surface  gauge 

13 

standani  steel  scale 

tr>-  square 

15 

two-foot  rule 

Sand  reamer 

59 

vernier 

Sard  metals,  drilling 

203 

.Micrometer,  reatling  the 

Btardening  steel 

329 

Micrometer  caliper 

aorizontal  milling  machine 

I 

168 

Micrometer  graduations 
Milling  machine 

:nserted-tooth  cutter 

Ifil 

cutters 
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MilliiiK  jiwcliino 

Siile  iiiillin);  cullers 

159 

duplex 

173 

Slabhinc  miller 

171 

hori»>iilal 

168 

SIcddes 

271 

universal 

170 

.Slotter 

151 

vert  ical 

213 

Speed  of  drills 

56 

Motors  in  iiiacliiiie  shops 

^19 

Speed  lathe 

74 

(lilTereiit  makes  of  apparatus 

251 

Spirals,  ciiltiiii:  of 

186 

nu)tor-<lrive  systems 

T.m 

SpliniUK  shafts 

IK! 

simp  reiiuirements 

223 

Split  weld  for  Ihiri  slock 

2.S7 

I' 

fluxes 

271P 

PeninK 

202 

sand  and  Ijorax 

27!l 

I'ickliiiu 

207 

Sciuare  thread 

117 

Till  taiwr 

61 

Standard  screw  threads 

US 

Piiw  threails.  eultiUK 

GS 

standani  steel  scale 

19 

Plain  milling  cutter 

103 

Standard  taper 

62 

Planer 

139 

Steady  rest 

81 

Planer  tools 

143 

Stoi-k  for  bent  sha|>es.  calculation  of 

290 

Plate  planer 

Uj 

circles 

291 

Priek  punrli 

12 

link 

201 

Protractor 

17 

irrcKular  shapes 

292 

R 

scn)lls 

292 

Ra'lial  •Inll 
Reamers 

Ketropraile  vernier 
Reverl)erator.\'  furnaces 
Ring  round  stock 

133 
58 
32 

361 

283 

Siraijiht  edce 
Straitrhl  (K'ne  haimner 
SunliKht.  ilistrilniliiin  of 
Surface  Kauge 
Swage  blocks 
Swages 

U 
11 

257 
13 

274 

Round  lap  weld 


Sand  and  Iwrax 

Scarfing 

Serai)ing 

Scratch  awl 

Screw  cutting 

Screw  slotting  cutlers 

Screw  ihrcacls.  standard 

Self-hardening  steel 

Taylor-White  process 
{let  hanuners 
Shaper 

Shaping  metal 
Shell  end  mills 
Shop  lighting 

artificial  lighting 

Cooper-Hewitt  light 

electric  lighting 

sunlight,  distribution  of 

AV'elsbach  biuTier 
^ot«. — For  page  numbers  see  fool  of 


116 

158 


14!) 
2!>2 
Ififi 
255-204 
259 


264 


T-rest 

T-weld 

T-weld  round  slock 

Tables 

cast  iron,  face  milling  of 
cast  iron,  surface  milling  of 
drills,  speed  of 
flat  rolleil  iron,  weight  of 
grinding  wheels,  speed  of 
roimd  and  square  rolled  iron. 


179 
178 


314 
193 


vciglits 


screw  threads.  I'    S  standard 
soft  machinery  steel,  face  milling  of 
soft  machinery  steel,  surface  milling  of 
laiK  and  corresponding  drills 

Taper-shank  twist  drill 

Taps 

Tempering  steel 

Templets 


390 


INDEX 


Tiinifs 

TudI  forsriiii;  iin<l  ii'iii|>criii»; 

hull  |»eno  luiinnicr 

hUii-Usmilh's  liK>ls 

hDrillK  tDill 

i;il)e  chisel 
i-t'iiieriuir  tool 
I'learance 
cold  chisels 
cutting  off  tools 
liiaiiiontl  points 
lluishing  tool 
tlat  drills 
forging  heat 

forming  tools  for  turret  lathes 
liamniers 
lathe  tools 

right  haml  and  left  hand  tools 
riveting  hammer 
roimd  nose  and  thread  tools 
side  tools 
springs 

square  an^l  round  nose  chisels 
Tool  steel 
Tool  steel  work 

annealing 

hardening 

hardening  baths 

lead  baths 

tempering 
Xote. — For  pane  numbers  see  jnnt  of 


331 
341 
341> 
336 
333 
339 
334 
332 
335 
336 
339 
339 
331 
339 
340 
334 
334 
340 
335 
337 
339 
334 
328 
328 
330 
329 
329 
331 
330 


Tools 

rultiUK 

hand-oixrated 

measuring 
Transfer  caliiiers 
Try  square 
Turning 

Turning  an  eccentric 
Turning  a  ta|)er 
Turning  tools 
Twist  drill 

r 

I'niversal  milling  machine 


V  thread 
Vernier 

reading  the 
Vernier  micrometer 
Vertical  milling  machim 
Vertical  milling  spindle 


W 


Welding 

allowance  for 
Welding  compoimds 
Welding  tool  steel 
Welsbach  biu-ner 
Whitworth  thread 
Wing  dividers 


V 

I'ag.- 

3'.t 
II 


213-218 
173 


283 
280 
289 
260 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 


UNIVERSITY  OF  TORONTO  LIBRARY 


TJ 

American  School,  Chicago 

9 

Cyclopedia  of  mechanical 

A54 

engineering 

1908 

v.l 

Engin 

^1       ^ 

